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A Wilfley customer 
ilfley customer “The pump operated trouble free 


until the winter of 1953. I believe 


one new runner was installed on this 


reports the following: 


pump during this 20 year period. 


Cour 
—— It was not placed in operation, but was 
stored outside for nearly 4 years until 
the spring of this year, 1958. In March 
of this year the pump was checked in 
our own shop. It was found that a new 
water-seal and a new runner was all 
that was needed to put the pump 


in operation. 
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COMING EVENTS 


Apr. 3-5, AIME Southwest Alaska, Alaska Sec- 
tions, annual meeting, Westward Hotel, An- 
chorage, Alaska. 


Apr. 5-10, EJC 1959 Nuclear Congress, Public 
Auditorium, Cleveland. 


Apr. 13-15, CIM, annual meeting, Queen Eliza- 
beth Hotel, Montreal. 


Apr. 16-18, AIME Pacific Northwest Regional 
Conference, Olympic Hotel, Seattle. 


Apr. 18, AIME Colorado MBD Subsection, 
Broadmoor Hotel, Colorado Springs, Colo. 


Apr. 20-22, Third Rock Mechanics Symposium, 
tri-sponsors: Colorado School of Mines, Penn- 
sylvania State University, and University of 
Eapnanetas Colorado School of Mines, Golden, 

colo. 


Apr. 22-23, Lead Industries Assn., 31st annual 
meeting, Drake Hotel, Chicago. 


Apr. 23-24, American Zinc Inst., 41st annual 
meeting, Drake Hotel, Chicago. 


Apr. 25, AIME Adirondack Section, field trip to 
Plattsburg SAC Base. 


May 1, Symposium on A-C Mining Systems, 
a Engineering Div., Ohio State Univer- 
sity, Columbus. 


a | 8-10, Fourth Annual Uranium Symposium, 
IME Uranium Section, Moab, Utah. 


May 11-14, American Mining Congress, Coal 
how, Cleveland. 


May 16, AIME Upper Peninsula Section, annual 
spring technical session, Michigan College 
of Mines and Technology, Houghton. 


i 21-22, Lake Superior Mines Safety Council, 
annual conference, Hotel Duluth, 
uluth. 


May 23, AIME Adirondack Section, field trip to 
Mineville, N. Y. 


June, AIME Lehigh Valley Section, field trip, 
New Jersey Zinc Co., Friedensville, Pa. 


June 27, AIME Adirondack Section, field trip to 
Cabot Minerals Div., Willsboro, N. Y. 


June 28-July 1, Rocky Mountain Coal Mining 
Inst., annual meeting, Antlers Hotel, Colo- 
rado Springs, Colo. 


Sep. 14-17, American Mining Congress, Metal 
& Industrial Minerals Convention, 
nver. 


Sept. 24-26, SME Industrial Minerals and Coal 
Divisions, joint meeting, Bedford Springs, Pa. 


October, AIME Lehigh Valley Section, technical 
meeting. 


Oct. 8-10, Exploration Drilling Symposium, tri- 
sponsors: Colorado School of Mines, Penn- 
sylvania State University, and University of 
Minnesota; Pennsylvania State University, 
University Park, Pa. 


Oct. 27-29, 1959 AIME-ASME Joint Solid Fuels 
Conference, Netherland-Hilton Hotel, Cincin- 
nati. 


Nov. 9-12, Society of Exploration Geophysicists, 
annual meeting, Biltmore Hotel, Los Angeles. 


Dec. 4, AIME Lehigh Valley Section, ladies’ 
night. 


Dec. 7, AIME Arizona Section, annual meeting, 
Tucson, Ariz. 


Feb. 14-18,1960, AIME Annual Meeting, Hotel 
Statler, New York. 
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Heavy Construction Operators 


Go Ford wae for greater payload... power. 


“Our Ford trucks haul up <i 
to a ton-and-a-half more 
mi payload per trip” 


says William R. Collins, V.P. 
William Collins and Sons, Fargo, N. D. 


“We switched to Ford trucks in 1951 
because we found we could haul 1's 
tons more per trip. Now we have 124 
Fords, including 80 T-700's. They're 
economical to operate, too—we get 
up to 6 miles per gallon. Our drivers 
like Ford’s power steering and 
peppy 302 HD V-8 engine. We like 
Fords because we know we can 
always get Ford parts quickly if we 
need them. That means our trucks 
aren't down over one day, even on 
a major overhaul.” 


“We trade every 

two years and find that 
Ford trucks bring 
highest resale price” 


says John McCormick, Sec.-Treas. 
Northern/mprovement Co., Fargo,N. D. 

§ “We keep our Ford T-700's in top 
conditior vear round, and it pays 
off. We get a higher resale price 
when we trade eve ry two years. 
Fords have the ability to pe ‘form 
under the rugged conditions in our 
work. Power steering on our tandem 
dumps makes them easy to handle 
on-or off-the road. 


“Our drivers like Ford’s power... 
they get heavy loads under way fast” 


says George C. Wilson, Genera/ Superintendent 
Schultz and Lindsay Construction Co., Fargo, N. D. 


“Ford's HD power in our T-750's gets heavy loads under 
way fast... helps keep us on schedule. And we can haul 
bigger pay foe ids doing it . . . up to a yard more, legally, 

every trip. We've never had frame trouble either. The "y re 
rugged, durable trucks and if we ever need Ford parts, 
we can always get them at the nearest town.” 


FORD TRUCKS COST LESS 


LESS TO OWN...LESS TO RUN...LAST LONGER, TOO! 


: 
; 


Every Fora nas 


SAFETY GLASS 


every window 


NOW | ¢ All tests 


conducted and results 


CERTIFIED PROOF CERTIFIED 


by America’s foremost 


FORD TRUCKS research organization” 


*NAME AVAILABLE ON REQUEST 
Send inquiry to: P.O. Bor 2687 


Ford Division, Ford Motor Co. 
COST LESS Detroit 31, Michigan 


‘69 Ford Pickups Win 


Economy Showdown U.S.A. 


-average 25.2% better 
gas mileage! 


Impartial tests of the 1959 pickup models of all six makes prove 
conclusively that Ford's 4-ton pickups equipped with Short 
Stroke Sixes are the economy champs for "59. 


HOW TESTS WERE MADE 


Standard six-cylinder models of the six leading half-ton 
pickups first were put through exhaustive road trials. All '59 
trucks—Ford and competitive—were bought from dealers, just 
as you would buy them. After at least 600 miles break-in, all 
were brought up to manufacturer's recommended specifications. 


The trucks were then tested — by America’s leading inde- 
pendent automotive testing firm—at constant speeds of 30, 45 
and 60 miles an hour. Next came stop-and-go tests, ranging 
from moderate city traffic to normal retail delivery operation. 
Acceleration rates were carefully timed in each gear to insure 
accurate results for all makes. 


HOW NEW '59 SIXES RATE IN GAS MILEAGE 
| 25.2% 131.1%] 9.6% | 42.6% | 22.0% | 25.2% 


FORD more miles | more miles | more miles | more miles | more miles | more miles 
per gallon | per gallon | per gallon | per gallon | per gallon | per gallon 
SIXES than Make | thon Make | than Moke | than Make | thon Moke] than the 


GIVE “er hdd “G"” overage of 


oll mokes 


The ‘59 Ford Sixes, in every test, averaged more miles per 
gallon than every other make! Combining all tests, the ‘59 
Fords led the average of all other 59 pickups by 25.2%. 


WHAT'S THE SECRET? 


How can a ‘59 Ford Six make four gallons do the work of 
five in other trucks? 

First, of all pickup Sixes, only Ford has modern Short Stroke 
design. This new type of engine is basically far more efficient 
than long-stroke Sixes of other pickups. Example: Ford's Six 
delivers more usable horsepower than any other pickup Six. 

Second, to this modern engine Ford has added a new econ- 
omy carburetor. By metering fuel more precisely in both low- 
and high-speed ranges, Ford’s new carburetor boosts gasoline 
mileage in every type of driving. And Ford’s Economy Car- 
buretor is standard at no extra cost. 

Your Ford Dealer now has the complete report of Economy 
Showdown U.S.A. Why not call or visit him today and get the 
whole story firsthand ? 
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T HESE items are listings of the Engineer- 


ing Societies Personnel Service inc. This 
Service, which cooperates with the national 
societies of Civil; Electrical; Mechanical; Min- 
ing, Metallurgical, and Petroleum Engineers, 
's available to all engineers, members and non- 
members, and is operated on a nonprofit basis. 
If you are interested in any of these listings, 
and are not registered, you may apply by letter 
or resume and mail to the office nearest your 
place of residence, with the understanding that 
should you secure a position as a result of 
these listings you will pay the regular em- 
ployment fee of 5 pct of the first year’s salary 
tf a nonmember, or 4 pct if a member. Also, 
that you will agree to sign our placement fee 
agreement which will be mailed to you im- 
mediately, by our office, after receiving your 
application. In sending applications be sure 
to list the key and job number. When making 
application for a position, include 8¢ in stamps 
for forwarding application to the employer and 
for returning when possible. A weekly bulletin 
of engineering positions open is available at 
a subscription rate of $3.50 per quarter or $12 
per annum for members, $4.50 per quarter or 
$14 per annum for nonmembers, payable in 
advance. Local offices of the Personnel Ser- 
vice are at 8 W. 40th St., New York 18; 57 Post 
St., San Fancisco; 84 E. Randolph St., Chicago 1. 


MEN AVAILABLE 


Mining Engineer-Geologist, B.S. in 
geological engineering, age 29. One 
year of geological work including 
core logging, mapping, drafting, and 
calculating costs. Three years engi- 
neering work including surveying, 
drafting, mapping, and bonus cal- 
culating and measuring with small 
non-ferrous metal mine. Desires po- 
sition with small mining company 
as geologist or engineer. Single sta- 
tus if necessary. Prefers Alaska. M- 
251-San Francisco. 


Quality Control Engineer, B.S., age 
45. Two years in electrical equip- 
ment sales; four years in physical 
and electrical engineering test lab- 
oratory; two years doing original 


MANAGER or SUPERINTENDENT: Age 
44, married. 20 years experience as 
superintendent of operations, general 
superintendent, master mechanic, mine 
engineer, geologist. Surface and under- 
ground mining, plant design, construc- 
tion and operation. Desires position as 
manager or superintendent of small 
metallic or nonmetallic mining and mill- 
ing or processing plant. Location desired, 
U.S. preferably East. 


Box 6-ME A!IME 


29 West 39th St. New York 18 


work developing specs on electronic 
raw materials; five years as super- 
visor of process and quality control; 
plus two years as plant engineer in 
small crushing and fine dry grind- 
ing operation. Desires supervisory 
work in laboratory or process re- 
quiring more responsibility and ini- 
tiative; location immaterial. M-468. 


Geologist, M.S., age 27, married. 
Has gained five years experience in 
surface and underground mapping, 
drilling, geophysics, geochemistry, 
and land negotiations. Now head of 
exploration project in northerr. U. S. 
Will consider any position anywhere. 
M-469. 


Manager, Assistant Manager, Su- 
perintendent, age 45. For 22 years 
has gathered experience as mucker 
to assistant manager of underground 
and open pit, large operation metals 
and non-metallics; operated for self 
and consulted; experienced in ex- 
ploration; good labor relations; for- 
eign or domestic location, depending 
on consideration. M-692-San Fran- 
cisco. 


Mining Engineer, A.C.S.M. degree 
(England), age 42. Open pit mine 
design for 3 years. Placer explora- 
tion, topographical and underground 
surveying. Has compiled maps, plans 
and cross-sections both mining and 
geological. Prefers to locate abroad. 
M-749-San Francisco. 


Manager, E.Met. degree, age 42. 
Graduate and registered mining and 
metallurgical engineer; manages 
non-ferrous or non-metallic mining, 
processing or manufacturing oper- 
ation with efficiency gained from 15 
years experience; English and 
Spanish in management, production, 
research and development. Available 
soon for small or medium sized, well 
established company. Prefers Colo- 
rado, Idaho, or Montana. M-207-San 
Francisco. 


Mining Engineer, B.Sc., age 39, 
single. Varied experience for 11 
years in base metals, fluorspar, iron, 
and uranium. Experience covers 
mine engineering, production, and 
mill supervision. M-470. 


Geologist, B.S., age 37. Five years 
experience including property ex- 
aminations, all phases of exploration, 
mining geology, ore sampling, ore 
grade control, mine engineering, 
plane table and transit surveys, 
mapping, technical reports, and ex- 
cellent draftsman. Prefers western 
U. S. M-788-San Francisco. 


Assistant Superintendent of Mines, 
E.M. degree, age 40. Eight years ex- 


POSITION OPEN—General Manager, to 
direct operations of uranium mine and 
mill. Should have technical mining back- 
round and administrative experience. 
ubmit complete record and references. 
Salary, open. Location, western states. 


Box 7-ME AIME 
29 West 39th St. New York 18 


FOR SALE. 800 Patented Mining Claims, 
7500 acres. Gold, silver, lead, zinc, and 
copper. Silverton, Colo., one of the rich- 
est precious metals districts in the world. 
Will sell (retaining a 3% royalty) for 
less than cost of patent and taxes paid. 
Terms. U.S. mining engineer's report, 
maps, and blue prints, etc. 

H. C. SPRINKLE, P. O. Box 1835, Dur- 
ham, N. C., or A. J. McSWEENY, 507 


5th Ave., New York, N. Y. 
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perience in mining and metallurgical 
engineering and production. Current 
experience includes supervision, 
engineering and planning at 1000 
sulfide mine and mill. Desires re- 
sponsible position in production 
supervision in U. S. or Canada. 
M-930-Chicago. 


POSITIONS OPEN 


Mine Master Mechanic for mining 
and mill equipment; some knowl- 
edge of machinery, both mechanical 
and electrical necessary. Salary, $10,- 
000 to $11,000 per year. Location, 
Far East. F6734. 


Process Engineer, B.S. in mining 
engineering, with major or minor 
in ore dressing, young, for combin- 
ation field and laboratory process 
work with leading phosphate rock 
mining operation. Location, South. 
W5677. 


Mining Engineer, preferably with 
some mining or supervisory experi- 
ence, to take charge of writing, 
measuring, and calculating con- 
tracts with miners. Mine is deep 
shaft operation, producing 800 tpd 
of chiefly silver ore from a number 
of steep, relatively narrow veins. Lo- 
cation, West. $4039. 


Electrical-Mechanical Superinten- 
dent for mine operation. Salary, 
$6000 a year, plus room and board 
for single man and $75 a month for 
married man, plus the usual. Loca- 
tion, Central America. F7029. 


Mining Engineer, young, with mill 
experience for open pit manganese 
project. Salary open. Location, Vir- 
ginia. W6531. 


Mine Superintendent, with pro- 
duction and management experi- 
ence in mining of uranium ore, to 
take charge of 1000 tpd operation at 
50,000 to 100,000 tons proven prop- 
erty. Salary, $9000 a year plus liv- 
ing quarters. Location, Arizona. 
W6504. 


Manager, mining engineer, for 
perlite ore expanding plant for the 
production side. Will accept a re- 
tired mining engineer. Salary open. 
Prefer resident of southern Con- 
necticut. W7123. 


Mining Engineers, 2, recent grad- 
uates and one with possibly one or 
two years experience, to do survey- 
ing and mapping, etc. One appli- 
cant with chemical background 
would be useful. Salaries open de- 
pending upon experience. Location, 
upstate New York. W6972. 


Project Manager, geologist, with 
considerable experience in planning 
a geological expedition and experi- 
enced in searching for water. Should 
have temperament and personality 
to work with foreign diplomats. 
Foreign assignment. Salary, $25,000 
to $35,000 per year. Headquarters, 
eastern U. S. F6804. 
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NOW CARBURIZED DRILL STEEL life that is 


MEASURED MILES 


on the job performance 

proves lower cost per foot of hole 
when you use the ALL I-R Deep Hole 
Drilling Combination 


%* More than 6 miles of hole with a single steel! That’s the record chalked 
up by an I-R Carburized Alloy Steel Rod on a Montana construction 
project. This “super” steel broke after 32,307 feet. Another piece broke at 
24,400 ft. and another at 15,000 ft. Performance like this on hard rock, 
deep hole drilling jobs is the result of Ingersoll-Rands improved Carbur- 
izing process. Every steel is specially treated to provide exactly the right 
combination hardness and core toughness to withstand billions of heavy 
impacts without molecular fatigue. 

And what about bit performance? On the same job, in hard basalt, 
customer keeping accurate records reported an I-R Carset bit that drilled 
4,065 feet on one regrind. On second regrind insert still looked good with 
considerable footage left in the bit. Bits used were I-R non-rifling type 
60X face design available in 242", 254", 3° and 312” sizes. 

This is further evidence that it pays to use the ALL I-R Deep Hole 
Drilling Combination. 

Carburized Shank Piece gives Semi-Bridge Couplings assure proper 
extra strength and wear resis- alignment between sections—permit 
tance where it is needed most. deep hole drilling without pulling steels. 


Also CARSET BITS 
with Type 40 or Quick-Change I-R Type 22 Threads 


Inserts, shoulder, clearance, and skirt all correctly designed for highest 
sustained drilling speed and maximum bit life. Available with either the 
Type 40 Thread or with the Quick-Change Type 22 Thread, especially 
designed for faster and easier detachability. 


Net Weight 
Thread Description Bit Sizes Lb. 0z. 


Type 40 1%” 0.D. Thread, 2” 1 
3% threads per inch 2%" 1 
2%" 1 
l 


Type 22 1%” 0.0. Thread, 2” 
3 threads per inch 24" 
2%" 


For complete information, or for an eye-opening trial order, 
call your Ingersoll-Rand man as soon as you can. 


Ingersoll-Rand 


15-841 11 Broadway, New York 4, N.Y. 
A CONSTANT STANDARD OF QUALITY IN EVERYTHING YOU NEED FOR DRILLING ROCK 
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Greater Production per ton-mile at reduced cost 


Here is engineered haulage efficiency... the right power, the right power 
transmission, the right axle ratio... the right suspension; even the right 
size traction tires. Variations of these KW-DART-engineered components 
in the right combination will increase haulage efficiency in your operation. 


What's your particular problem? Why not diagram it and let KW-DART 
engineers specify the unit designed to lower your haulage costs. Whatever 
your need for heavy-duty trucks ...10 tons to 50 tons payload... for 

use above ground or underground... KW-DART can supply it. 


KW-DART’S NEW PLANT NOW OPERATING 


An outstanding achievement in the construction of a facility for the design 
and manufacture of heavy equipment. Located in Kansas City's all-new 
Northeast Industrial District. Visitors are welcome. 


Address inquiries to: 


KW-DART TRUCK CO. -; P.O. Box 321, Kansas City 41, Missouri 


SUBSIDIARY OF PACIFIC CAR AND FOUNDRY COMPANY 
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A complex mineral containing uranium, vanadium and radium, 
Carnotite is usually recognized by its yellow mineral color and 
nonmetallic luster. First discovered in Colorado, it was taken to 
France for analysis and there named for the French mining engi- 
neer and chemist, Marie-Adolphe Carnot. 

Now one of the most significant ores of uranium to be found in 
the United States, it is used exclusively to meet the demand for 
this important rare element. 

Because of the low mineral content of the ore, extraction of 
uranium requires efficient reduction in early processing stages. 
Exceptionally well suited for this work are Symons® Cone 
Crushers, which assure fine reduction with high capacity output. 
These are reasons why producers of uranium all over the world 
depend on Symons Cone Crushers to produce big tonnages of 
uniformly crushed material at low cost. 


NORDBERG MFG. CO., Milwaukee 1, Wisconsin 


©1959, N.M.C. 


... Storehouse 
of Uranium 


SYMONS CONE CRUSHERS 
The machines that revolutionized 
crushing practice... are built in a 
wide range of sizes, for capaci- 
ties to over 900 tons per hour. 
Write for descriptive literature. 


— SYMONS ...a registered Nordberg trademark 
Known throughout the world. 


ATLANTA CLEVELAND DALLAS DULUTH HOUSTON KANSAS CITY MINNEAPOLIS NEW ORLEANS NEW YORK ST. tours 


SAN FRANCISCO TAMPA WASHINGTON TORONTO VANCOUVER JOHANNESBURG LONDON MEXICO, DO. F, 
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Traylor-made _ 


aS 


"Traylor Ball Mills are made in two 
types—overflow and diaphragm 
discharge. They are built for 


Traylor Ball Mills feature shell 
liners of manganese or high car- 
bon steel in plain, wave, cascade, 
lifter or Lorain types with shells 
of welded steel construction. 
Trunions are cast integrally with 
the detachable heads. Main 
bearings are made of Meehan- 
ite* metal, larger sizes fitted 
with a high-pressure Alemite 
pump. Driving gears are steel, 
precision-cut on our Maag gear 
generator. Write for Bulletin 
No. 11-121 today! 


Traylor Grinding Mills are available in Ball, Rod, 
CRUSHERS © Jay Compartment and Tube Mills. 
_ 


ENGINEERING & MFG. CO. 


1143 MILL ST., ALLENTOWN, PA. 
Sales Offices: New York — Chicago — San Francisco 
te Canadian Mfr. Canadian Vickers, Ltd., Montreal, P.Q. 

N. 


mis © 
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¥%-inch cord was the primer used with oil-soaked 
Spencer N-IV Ammonium Nitrate for this blast. 


Forty 9-inch 


material, are shot simultaneously. 


holes, each containing 700 pounds of 


The 28,000 pounds of 


27,000 cubic yards of mat 


Spencer N-IV Ammonium Nitrate is now 
ready for shooting the overburden blast at Calaveras. 


erial were moved with such good frag- 


mentation there was no need for secondary shooting. 


Progressive Calaveras Cement Company shows how to... 


Save $7.00 To $10.00 Per Ton Of Blasting Material: 


Big saving in priming costs plus greater blast energy make new Spencer N-IV 
most efficient, low-cost blasting agent: 


eo easiest, most economical blast- 
ing method known is now cutting 
costs and speeding up blasting opera- 
tions in the Calaveras Cement Com- 
pany quarry at San Andreas, Cali- 
fornia. By using new Spencer N-IV 
Ammonium Nitrate, they are able to 
save about $7.00 to $10.00 in prim- 
ing costs per ton of material used. 


Different from any prilled am- 
monium nitrate now on the market, 
Spencer N-IV reduces priming costs 
because it can be initiated with a 
single strand of 34-inch detonating 
cord. There’s no need to attach ad- 
ditional material at intervals, or em- 
ploy other complex priming methods 
—and you don’t have to store high 
explosives on the job site! 


The superior blast effect and easier 
detonation of Spencer N-IV are the 
result of a special structure which 


allows the prills to absorb oil more 
easily. Combine this with the fact 
that Spencer N-IV contains a much 
higher percentage of ammonium ni- 
trate than other brands, and you can 
see why N-IV gives consistently bet- 
ter fragmentation. 


Completely free-flowing for easy 
loading, Spencer N-IV is packaged 
in 50-lb. polyethylene plastic bags, 
as well as 50, 80 and 100-lb. multi- 
wall paper bags. Two years of tests 
have proven that the polyethylene 
bags are tougher than paper and can 
reduce bag breakage as much as 50°}. 
No more trouble with leaking oil- 

and these bags are so moisture-proof 
they can actually be stored out doors! 


For more information on new Spencer 
N-IV Ammonium Nitrate in poly- 
ethylene plastic or paper bags, mail 
coupon today! 


SPENCER 


| Spencer Chemical Company 
| Industrial Chemicals Division 
| 403 Dwight Building 

Kansas City 5, Missouri 


| At no cost or obligation to me . . . 


| [_] Please rush complete information 
on Spencer N-IV Ammonium Ni- 
trate for low-cost blasting. 


| 
| Ve 
| 
| 
| 
| 
| Company 
| 
| Address 
City State 
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Order directly from the publisher 
all books listed below except 
those marked The books 
so marked (¢ can be pur- 
chased through AIME, usually 
at a discount. Address Irene 
K. Sharp, AIME Book Dept., 
29 W. 39 St., New York 18, N. Y. 


Coal Mining Law, by John Sinclair, 
Sir Isaac Pitman & Sons Ltd., Lon- 
don, England, 429 pp., $7 (50s), 1958 
—Mr. Sinclair treats legislation re- 
lating to coal mining in England and 
Wales with emphasis on safety legis- 
lation of the 1954 Mines and Quarries 
Act. Contract, agency, and arbitra- 
tion, as well as workers’ rights are 
also included. 


Contributions in Geophysics in Honor 
of Beno Gutenburg, edited by Hugo 
Benioff, Pergamon Press, 122 E. 55th 
St., New York 11, N. Y., 244 pp., $9, 
1958—Papers on a wide variety of 
geophysical problems including the 
energies of seismic body waves and 
surface waves, data processing in 
geophysics, and geomagnetic drift 
and the rotation of the earth are 
collected in this memorial volume. 


Elementary Seismology, by Charles 
F. Richter, W. H. Freeman and Co., 
660 Market St., San Francisco 4, 
Calif., 768 pp., $12, 1958—The first 
part of the book deals with the phy- 
sical basis of earthquakes and covers 
such areas as the nature of earth- 
quake motion. The concluding por- 
tion relates the earthquakes to geo- 
graphical locations. 


Water in Mines and Pumps, by John 
Sinclair, Sir Isaac Pitman & Sons 
Ltd., London, England, 130 pp., $3.85 
(27s 6d), 1958—Descriptions of the 
ways water gains access to mines, 
and methods of confining water are 
discussed, plus reciprocal, centrifu- 
gal, and axial flow pumps. 


Industrial Electronics Handbook, 
edited by William D. Cockrell, Mc- 


Graw-Hill Book Co., $22.50, 1958— 
Nine sections deal with basic engi- 
neering and mathematics, physical 
laws, control elements, and many 
other aspects including technical 
information sources. 


Environmental Sanitation, by Joseph 
A. Salvato, Jr., John Wiley and Sons 
Inc., 660 pp., $12, 1958—Emphasis is 
placed on planning for the small 
community of less than 5000 persons. 
Control of communicable diseases, 
location sites for industrial, housing, 
and similar uses, water supply 
sources and other vital concerns are 
considered. 


Civil Engineering Construction, by 
James M. Antill and Paul W. S. 
Ryan, Angus and Robertson, London, 
England, 626 pp., $10.50, 1957—This 
book is primarily concerned with 
construction problems rather than 
design. Equipment is discussed and 
construction methods, plus planning 
and organization of the project. 


4 


Metallurgical Thermochemistry, by 
O. Kubaschewski and E. I. L. Evans, 
Pergamon Press, 122 E. 55th St., New 
York 22, N. Y., 426 pp., $10, 1958— 
This is a revision of a standard work 
for the research worker and the 
process metallurgist. The first section 
provides necessary theoretical basis. 
Main experimental techniques used 
to determine thermochemical data, 
methods of estimating values, and 
tables of constants for a large num- 
ber of compounds and elements are 
also included. 


The Transuranium Elements, by 
Glenn T. Seaborg, Addison-Wesley 
Publishing Co. Inc., Reading, Mass., 
328 pp., $7, 1958—The author begins 
with the discovery of plutonium in 
1940 and discusses the chemical pro- 
perties of the actinide elements. The 
concluding portions are concerned 
with nuclear properties of the trans- 
uranium elements and possibilities 
of new elements. It is a volume in 
the Atoms for Peace presentation 
set. 


Advances in Geophysics, Vol. 5, 
edited by H. E. Landsberg and J. 
Van Mieghem. Academic Press, Inc., 
111 Fifth Ave., New York 3, N. Y., 
325 pp., $10, 1958—A summary of re- 
cent progress that covers the follow- 
ing topics: microseisms, the size and 
shape of the earth, oceanic tides, the 
ultraviolet absorption process in the 
upper atmosphere, and the physics of 
cloud modifications. 
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_Sgurce Material 


Teaching Aids and Allied Materials 
in Engineering Geology, The Geo- 
logical Society of America, 419 W. 
117th St., New York 27, N. Y., 35 pp., 
75¢, 1957—Textbooks widely used in 
courses are tabulated, as are colleges 
offering a major in engineering geo- 
logy, films, field and laboratory ex- 
ercises. 


Thorium Production Technology, by 
F. L. Cuthbert, Addison-Wesley 
Publishing Co. Inc. Reading, Mass., 
303 pp., $6.50, 1958—The entire pro- 
cess of thorium production is studied, 
beginning with the extraction of 
thorium from ores. Sections are in- 
cluded on physical and chemical 
properties of thorium, health and 
safety aspects of thorium production, 
and analytical and metallurgical test- 
ing procedures. 

FBI Register of British Manufac- 
turers, 1959, 31st edition, Kelly’s 
Directories Ltd. and Iliffe and Sons 
Ltd. Dorset House, Stamford St., 
London S.E. 1, 1140 pp., $5.88 (42s) 
1958—A comprehensive and accurate 
guide to a substantial cross section of 
British Industry, with lists of the 
products and services of over 7000 
member firms under more than 
5400 alphabetical headings. 

Futures Trading in Non-Ferrous 
Metals, Commodity Exchange Inc., 
81 Broad St., New York 4, N. Y., 16 
pp., paper bound, 50¢, 1598—A crisp 
delineation of the metals markets 
on the exchange, a full explanation 
of the trading operation and several 
specific examples are offered for 
both novice and professional. 
Geologie De L’Uranium, by Marcel 
Roubault, Masson et Cie., Paris, 
France, 462 pp., approx. $12 (6000 
fr.) 1958—This study is intended 
especially for metallurgical engi- 
neers and prospectors, and begins 
with a detailed description of uran- 
ium-bearing ores, followed by a cri- 
tical review of methods of prospect- 
ing for radioactive metals. The 
second part comprises a comparative 
description and evaluation of uran- 
ium deposits of the world. 

Book of ASTM Standards, 1958 
edition, American Society For Test- 
ing Materials, 1916 Race St., Phila- 
delphia 3, Pa., published in ten parts 
which may be purchased separately 
or as a set, 13,600 pp., 2450 stand- 
ards, $116, 1958—The series includes 
parts of ferrous and non-ferrous 
metals specifications, coal, etc. 


S22" 


STATE PUBLICATIONS 


Ohio 
Order From: 


Dept. of Natural Resources 
Div. of Geological Survey, Room 106 
Orton Hall, Ohio State University 
Columbus, Ohio 

Coal Resources of the Pottsville a 
Report of Investigation No. 36, by J. 
Granchi, 50¢, 1958. 
Geology and Mineral Resources of Morgan 
w Bulletin 56, by D. L. Norling, $2, 


Oregon 
Order From: 


Div. of mineral Ind R 
inera egion 
P. O. Box 492 
ph "Ore. 


The Mineral Industry of Oregon in 1957, 
Area Report B-60, gratis, 1958. 


Pennsylvania 


Order From: 
Pennsylvania Survey 
Dept. of Internal Affairs 

Harrisburg, Pa. 
Chromite Occurrence at the Wood Mine, 
Lancaster County, Pennsylvania, Progress 
Report 153, by D. M. Lapham, gratis, 1958. 
The Mineral Industry of Pennsylvania in 
1956, Information Circular 12, by R. D. 
Thomson and Mary E. Otte, gratis, 1958. 
Oil and Gas Developments in Pennsylvania 
in 1957, Progress Report 154, by William S. 
Lytle, gratis, 1958. 
Corundum Mining in the Piedmont Province 
of Pennsylvania, Information Circular 13, by 
Nancy C. Pearre, gratis, 1958. 


Order From: 

Div. of Documents 

10th and Market Sts. 

Harrisburg, Pa. 

Glacial Deposits Outside the Wisconsin Ter- 
minal Moraine in Pennsylvania, Bulletin G 7, 
by Frank Leverett, reprinted 1958, $1. 
New Florence Quadrangle, Atlas Report A 57, 
by M. M. Shaffner, $4.80, 1958. 
Guide to the Highway Geology from Harris- 
burg to Bald Eagle Mountain, General Geol- 


ogy Report G 29, by B. ag R. R. Con- 
lin, and D. M. Hoskins, 25¢, 1 


Order From: 
Mineral Industries Experiment Station 
College of Mineral Industries 
The Pennsylvania State University 
University Park, Pa. 
Manganese: Its Minerals, Deposits and Uses, 
Circular 49, by J. N. Hoffman, gratis, 1957. 
Mineral Industries Research, Circular 36, 
gratis, 1950. 
Publications of College of Mineral Industries 
of The Pennsylvania State University, Uni- 
versity Park, Pa. gratis, 1957. 
Fourteen 15-minute Quadrangles of the fol- 
lowing counties are on open file at the Har- 
risburg Office of the Bureau of Topographic 
and Geologic Survey, 604 South Office Bidg., 
from 8:30 am to 5:00 pm: Driftwood, Renovo 
East, Renovo West, Waterville, Lock Haven, 
Snow Shoe, Howard, Clearfield, Penfield, 
Curwensville, Houtzdale, Karthaus, Philips- 
burg, and Bellefonte. 


South Dakote 


Order From: 

South Dakota Survey 

Union 
Vermiltion D. 

Geology and Shallow Ground Water Re- 
sources of the Brookings Area, Brookings 
County, Seuth Dakota, Report of Investiga- 
tion No. 84, by K. Y. Lee, $1, 1958. 
Geology and Shallow Ground Water Re- 
sources of the Watertown-Estelline Area, 
South Dakota, Report of Investigation No. 
85, by F. V. Steece, $1, 1958 
Magnetometer Map of Harding and Perkins 
Counties, by B. C. Petsch, 75¢, 1958. 
Geology of the — Quadrangle, South 
Dakota, Map, $1, 
Geology of the 1. Quadrangle, South 
Dakota, Map $1, 1958. 
Geology of the oa? Quadrangle, South 
Dakota, Map, $1, 1958. 
Geology of the oe Shore Quadrangie, 
South Dakota, Map, $1, 1958. 
Geology of the Watertown Quadrangle, South 
Dakota, Map, $1, 1958 
Geology of the me Quadrangle, South 
Dakota, Map, $1, 1958. 
Geology of the Sul Lake Quadrangle, South 
Dakota, Map, $1, 1958. 
Geology of the White Quadrangle, 8S. D., 
Map, $1, 1958. 


Geology of the Florence Quadrangle, South 
Dakota, Map, $1, 1958. 

Geology of the Hayti Quadrangle, South 
Dakota, Map, $1, 1958 

Geology of the Quadrangle, South 
Dakota, Map, $1, 

Geology of the Menanehe Quadrangle, South 
Dakota, Map, $1, 1958. 

Geology of I Wewela Quadrangle, South 
Dakota, $1, 


Texas 


Order From: 
Bureau of Economic Geology 
The University of Texas, University Station 
Box 8022 
Austin, Texas 
Mineral Resources of the Colorado River 
Industrial Development Association Area, 
Report of Investigation No. 37, by J 
Dietrich and J. T. Lonsdale, $1.50, 1958 
Tertiary Formations of Rim Rock Country, 
Presidio County, Trans-Pecos Texas, Report 
of Investigation No. 36, by R DeFord, 
25¢, 1958. 
Comanchean Stratigraphy of Kent Quad- 
rangle, Trans-Pecos Texas, Report of In- 
vestigation No. 34, by J. P. Brand and 
DeFord, 20¢, 1958 

Field Excursion, Eastern Liano Kegion, 
Guidebook No. 1, by V. E. Barnes, 75¢, 1958 
Ground-Water Geology in the Vicinity of 
Dove and Croton Creeks, Stonewall, Kent, 
Dickens, and King Counties, Texas, Bulle- 
tin 5801, by L. G. MecMillion, gratis, 1958 
Ground-Water Conditions in Carson County, 
Texas, Bulletin, 5802, by Chris Gard, gratis, 
1958 
Ground-Water Geology of Real County, 
Texas, Bulletin 5803, by A. T. Long, gratis, 
1958 


Washington 


Order From: 

Washington Dept. of Conservation 

335 General Administration Bidg. 

Olympia, Wash. 

Pleistocene Sequence in Southeastern Part 
of Puget Sound Lowland, Washington, Re- 
print No. 2, D. R. Crandell, D. R. Mulli- 
neaux, and H. H. Waldron, 25¢, 1958 
Ringold Formation of Pleistocene Age in 
Type Locality, The White Bluffs, Washington, 
Reprint No. 1, 25¢, 1958 
Archeology in Washington, Information Cir- 
cular No. 30, by Bruce Stallard, 50¢, 1958 


FD-4 and FD-8 


FOR EXTRA HEAVY DUTY USE 


Uses Mass Produced Standard Crawler Tractor Parts 

Short Pitch, 8” on FD-8, 6-%4” on FD-4, provides more even feed. 
Decks of Cast Manganese or Formed Alloy Steel 

Large Diameter Head and Tail Shafts 
Anti-Friction Self-Aligning Bearings 
Centralized Lubrication Available 

Uses NICO Shaft Mounted Reducer . .. 
Eliminates open gearing and lubrication problems 


NATIONAL IRON COMPANY 


50th Avenue West and Ramsey Street 
Duluth 7, Minnesota 


SUBSIDIARY OF PETTIBONE MULLIKEN CORP., CHICAGO 5}, ILLINOIS 
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FOREIGN PUBLICATIONS 


Australia 
Technical Reports, Vol. %, 1955, Dept. of 
Mines, New South Wales, The Under Secre- 
tary, G.P.O. Box 48, Sydney, Australia, 116 


from page 367) 


pp., 13 illus., 19 figs., approx. $2.90 (1/5.8.), 
1958 


The Australian Mineral Industry, Quarterly 
Review, Bureau of Mineral Resources, Chil- 
ders St., Turner, Canberra City, A.C.T., 
approx. $27 annually (12/) and $6.75 per 
issue (3/) 

The Australian Mineral Industry, Annual Re- 
view, Bureau of Mineral Resources, Childers 
St., Turner, Canberra City, A.C.T., approx. 
$27 (12/) 

Geological Map of Australia and New Guinea, 
Bureau of Mineral Resources, Childers St., 
Turner, Canberra City, A.C.T., approx. $5.15 
(2/6d) 

Series of Geological Maps of Australia. 4-mile 
sheets, Bureau of Mineral Resources, Childers 
t., Turner, Canberra City, A.C.T., gratis. 
Permian Production of Western Australia, 
Bulletin 40, by P. J. Coleman, Bureau of 
Mineral Resources, Childers St., Turner, Can- 
berra City, A C.T., gratis, 1958 

Lower Permian Petecypods and Gastropods 
from the Carnarvon Basin, Western Australia, 
Bulletin 41, by J. M. Dickins, Bureau of Min- 
eral Resources, Childers St., Turner, Can- 
berra City, A.C.T., gratis, 1958 

The Cambrian Geology of Australia, Bulletin 
49, by A. A. Opik and others, Bureau of Min- 
eral Resources, Childers St., Turner, Can- 
berra City, A.C.T., gratis, 1958 

Radioactive Mineral Deposits—Notes for the 
Guidance of Prospectors in Australia, Pam- 
phlet 3, Bureau of Mineral Resources, Chil- 
ders St., Turner, Canberra City, A.C.T., 
gratis 

The Geolegy of the Fitzroy Basin, Western 
Australia, Bulletin 36, by D. J. Guppy, A. W. 
Lindner, J. H. Rattigan, and J. N. Casey, 
Chief Geologist, Bureau of Mineral Resources, 
Childers St., Turner, Canberra City, A.C.T 
The Cambrian Trilobite Redlichia: Organiza- 
tion and Generic Concept, Bulletin 42, by 
A. A. Opik, Bureau of Mineral Resources, 
Childers St., Turner, Canberra City, A.C.T. 
Permian Foraminifera of Australia, Bulletin 
48, by Irene Crespin, Bureau of Mineral Re- 
sources, Childers St., Turner, Canberra City, 
A.C.T 


Czechoslovakia 
Order From 


Publishing House of the 
Slovak Academy of Sciences 
Prague, Bratislava 


Guidebook for the Geological Excursions into 
the Barrandian Area, issued in Czech, Ger- 
man, or Russian, approx. $1.55 (11,10 Kes), 
1958 

Barrandian, Geology of the Silurian and De- 
vonian of Central Bohemia in Pictures, in 
Czech, Russian, or German, approx. $6.37 
(45,50 Kes), 1958 


Denmark 


The Morphology and Genesis of the Glacial 
Landscape of Denmark, III. 28, map, by 
V. Milthers, Geological Survey of Denmark, 
Charlottenlund, Denmark, approx. $3.63 (25,00 
kr.), 1948 

The Minerals of Denmark, Memoir 71, by 
O. B. Boggild, Geological Survey of Denmark, 
Charolttenlund, Denmark, approx. 45¢ (3,00 
kr.), 1943. 

Correlation of Geology and Geotechnics, Re- 
port 29, by Ellen Louise Mertz, Geological 
Survey of Denmark, Charlottenlund, Den- 
mark, approx. 30¢ (2,00 kr.), 1949. 

Guide for the Excursions in Denmark, pub- 
lished by Victor Madsen, Geological Survey 
of Denmark, Charlottenlund, Denmark, ap- 
prox. 87¢ (6,00 kr.), 1928. 


Finland 
Order From 
Akateeminen Kirjakauppa 


Keskuskatu 2 
Helsinki, Finland 


Annual Report, Geologinen Tutkimuslaitos, 
approx. 30¢ (100:-). 

General Geological Map of Finland, Geolo- 
ginen Tutkimuslaitos, approx. $1.18 (400:-) 
per sheet, 44¢ (150:-) per explanation 
Geological Map of Finland, Geologinen Tut- 
kimuslaitos, approx. 90¢ (300:-) per sheet, 
20¢ (70:-) per explanation 
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U. S. BUREAU OF MINES 


Copies sold through: 


Superintendent of Documents 
Government Printing Office 
Washington 25, D. C. 


Water-Supply Paper 1460-E, Geological and 
geophysical study of the preglacial Teays 
Valley in west-central Ohio, 55¢, 1958. 
Water-Supply Paper 1426, Ground-water re- 
sources of the Hueco Bolson, northeast of 
El Paso, Texas, $2.75, 1958. 

22C Geochemistry of Uranium in Apatite and 
Phosphorite, Catalog No. I 19.16:314-D, 60¢, 
1958 

2. Statistical Abstract of the United States, 
1958, Catalog No. C 3.134:958, $3.75, 1958 
Weights and Measures, 4 Vols.: Catalog No. 
C 13.4:501 Federal and State Weights and 
Measures Laws, through 1949 Enactments, 
$6.50, 1951; Catalog No. C 13.4:540 Weights 
and Measures Case Reference Book, $1.25, 
1953; Cataleg Ne. C 13.4:570 Units and Sys- 
tems of Weights and Measures, Their Origin, 
Development, and Present Status, 25¢, 1956; 
Catalog No. C 13.10:214 Units of Weight and 
Measure definitions and Tables of Equiva- 
40¢, 1955. 

Roster of Attorneys and Agents Registered 
to Practice Before the U. 8S. Patent Office, 
January 1, 1958, Catalog No. C 21.9:958, $1, 
1958 
8. Directory of National Trade Associations, 
1956, Catalog No. C 41.22:T 67/956-2, 40¢, 
1956 
%. A Guide to Foreign Business Directories, 
Catalog No. C 42.2:D 62, 40¢, 1955. 

25. A Glossary of the Mining and Mineral 
Industry, Catalog No. 1 28.3:95, $2.25, re- 
printed 1947. 

28. Bibliography for the International Geo- 
physical Year, Catalog No. NS 1.13:G 29, 25¢, 
1957 

Standard Industrial Classification Manual, 
and Supplement, Catalog No. Pr 34.106:In 27, 
$2.50, 1957; Supplement 15¢, 1958 

IC 7864 Peat Producers in the U. S. That 
Reported Production in 1957, 15¢. 

IC 7865 Fuel-Briquetting and Packaged-Fuel 
Plants in the U. S. That Reported Production 
in 1957, 10¢. 


Request free publications from: 
Publications Distribution Section 
U. 8. Bureau of Mines 
4800 Forbes Street 
Pittsburgh 13, P: 


RI 5432 Carbonizing Properties of McDowell 
County, W. Va., Coals 

RI 5433 Recovering Mercury from Cinnabar- 
Stibnite Ore by Flotation and Fluidized-Bed 
Roasting 

RI 5434 Preparation Characteristics of Coal 
from Greene County, Pa. 

RI 5437 Design and Test Operation of a 
Pneumatic Vibrating-Blade Planer. 

RI 5439 Cementation of Bituminous-Coal- 
Mine Roof Strata. Injection of Epoxy and 
Polyester-Type Resins 

IC 7871 Lode-Tin Mining at Lost River, Se- 
ward Peninsula, Alaska. 

IC 7872 Mine Production of Gold, Silver, 
Copper, Lead, and Zinc in Pend Oreille and 
Stevens Counties, Wash., 1902-1956. 


Open-File report available for inspection at 
Bureau of Mines office, Denver, Colo., and 
the Central Library, Dept. of Interior, Wash- 
ington, D. C. 

Economic Importance of Heavy Minerals Oc- 
curring in Sand and Gravel Deposits near 
Denver, Colo 

RI 5426 Practical Evaluation of Electrical- 
Resistivity Surveys as a Guide to Zinc-Lead 
Exploratory Drilling. 

RI 5427 Electric-Furnace Smelting of East 
Texas Iron Ores 

RI 5430 Reconnaissance of the Beluga River 
Coalfield, Alaska. 

IC 7870 Mining Methods and Costs at the 
Holden Mine, Chelan Div., Howe Sound Co. 
RI 5416 Determination of Calcium in Wolfra- 
mite Concentrates by Flourescent X-Ray 
Spectrography. 

RI 5417 Synthetic Asbestos Investigations: 
Synthesis of Fluoramphiboles from Melts. 
RI 5418 Better Coke by Thermal Pretreat- 
ment of Coal: Results for Illinois No. 
Pittsburgh—and Mason—Bed Coals. 

RI 5420 Lurgi-Gasifier Tests of Pennsylvania 
Anthracite. 

IC 7869 Causes of Roof-Fall Fatalities in 
Anthracite and Bituminous-Coal Mines, 1955 
and 1956. 

RI 5422 Direct Evaluation of Water-Sensitiv- 
ity of Reservoir Rocks. 

RI 5428 Trap for Removing Ferric Chloride 
from Titanium Tetrachloride. 

RI 5429 Oil-Shale Mine, Rifle, Colo.: A re- 
view of design factors. 

IC 7855 The Mineral Industry of Turkey. 
IC 7857 Methods and Practices for Producing 
Crushed Granite, Campbell Limestone Co., 
Pickens County, S. C 


1959 


In This Issue: The following abstracts 
of papers in this issue are reproduced for 
the convenience of members who wish 
to maintain a reference card file and for 
the use of librarians and abstracting ser- 
vices. At the end of each abstract is 
given the proper permanent reference 
to the paper for bibliography purposes. 


Electric Truck Haulage at Crestmore by Peter 
B. Nalle—Aiming to cut labor and mainten- 
ance costs, the Crestmore plant of Riverside 
Cement Co. replaced diesel units with con- 
verted ore haulers equipped to use electric 
power. The units have met expectations and 
have reduced ventilation problems as well. A 
350-hp electric motor is connected to the 
truck drive shaft and located where clutch 
and transmission would normally be located; 
a 20-hp motor powers auxiliary equipment. 
Problems arose in minor design faults, driver 
education, and some maintenance but have 
been satisfactorily corrected. Operating and 
maintenance personnel have confidence in 
the units. Ref.: MINING ENGINEERING, 
April 1959, pp. 405. 

Selecting an Open Pit Haulage Method by 
William N. Matheson, Jr.—A discussion of 
available haulage methods, factors te be con- 
sidered in making a choice, and examples of 
typical mines and methods. The author 
stresses that all factors are centered on cost, 
provided that safety is insured. Included is a 
brief pictorial sketch of early mining meth- 
ods on the famous Mesabi Iron Range. 
Ref.: MINING ENGINEERING, April 1959, 
p. 409. 

University Session on Fluidizing Reactors—A 
symposium at the University of Arizona early 
in 1959 drew more than 100 engineers inter- 
ested in new developments on operating use 
of this air-suspension roasting method. Fac- 
tual data is presented on four operations: 
Kennecott at Hayden, Ariz., Anaconda at 
Weed Heights, Nev., Bagdad Copper, and 
Giant Yellowknife. Ref.: MINING ENGI- 
NEERING, April 1959, p. 414. 


Sand Deposits of Titanium Minerals by J. L. 
Gillson (TP 4799H)—Historically, rock de- 
posits and sand deposits of titanium minerals 
came into production about the same time. 
Beach deposits of heavy minerals in Brazil 
and India were worked for monazite about 
the time of the turn of century, but since 
at that time there was no market for the ti- 
tanium minerals, these were thrown away 
The rock rutile deposits at Roseland, Va., 
were worked to supply rutile for titanium 
chemicals and for coloring ceramics long be- 
fore there was a titanium pigment business. 
The pigment industry started about the mid- 
1920's, both in Europe and the U. S., and al- 
most simultaneously the rock deposits in 
southern Norway and beach deposits at Ponte 
Vedra Beach near Jacksonville were worked 
for their titanium content. Since those days, 
production from both types of deposits has 
continued to grow at a rapid rate, and many 
deposits of both types have been found, and 
reserves have grown to very large figures. 
In total tonnage of reserves, there is no 
doubt that the rock deposits are far ahead 
of the sand deposits, but nevertheless there 
is a very large tonnage of commercial sands 
available. It is the quality of the titanium 
mineral in the sand deposits and the rela- 
tively lower cost of operation of sand de- 
posits that have kept them abreast. at least 
in annual tonnage produced, with the rock 
deposits. Ref.: (MINING ENGINEERING, 
April 1959) AIME Trans., 1959, vol. 214, p. 
421. 


Activation and Deactivation Studies with 
Copper on Sphalerite by A. M. Gaudin, D. W. 
Fuerstenau, and G. W. Mao ‘(TP 4786B)—Ex- 
periments with Cu 64 indicate sphalerite ac- 
tivation to be a chemical exchange of Cu*- 
for Zn*+ in the sphalerite lattice. This ex- 
change is quite rapid until three layer of 
Zn*+ have been replaced, after which the 
exchange is controlled by the parabolic rate 
law. De-activation results from the sequester- 
ing of copper ions in soluticn. However, to 
approach the requisite value of [Zn++|]/(Cu*+] 
or [Zn*+]/(Cu-]* in solution, the copper com- 
plex must be considerably more stable than 
the corresponding zinc complex. Ref.: (MIN- 
ING ENGINEERING, April 1959) AIME 
Trans., 1959, vol. 214, p. 430. 
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LABOR 
REQUIREMENTS 
REDUCED, 
MAINTENANCE 
COSTS CUT... 
WITH 
WEMCO-FAGERGREN 
FLOTATION 


Wemco-Fagergren equipment costs 
less, much less, to operate! Operating 
labor is reduced because Fags need 
little or no adjustment to compensate 
for feed variations. Simplicity of 
design and operation assures fewer 
maintenance problems—and less cost. 
There is less wear and replacement 

of parts, less downtime because 
wear-exposed parts are rubber 
covered and an entire mechanism is 
easily removed for inspection and 
repair without shutdown of pulp flow. 


Fewer machines and fewer personnel 


This proved economy plus greater 
recovery adds up to consistent, 
profitable operation under the most 
demanding conditions! If flotation will 
do the job, Wemco-Fagergrens 

will do the job better, at less cost! 
Ask for complete information. 


a division of 
Western Machinery Company, Dept. M.E. 
660 Fifth St., San Francisco, Calif. 

and throughout the world 
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CATERPILLARS 


prosect!] PROJECT PAYDIRT™ pays off again 


PAYDIRT 
a 


NEW CAT SERIES TRACTOR 


For higher production at lower operating cost 


By avy comparison the new Cat D7 Series D Tractor 


is champ in its class. It packs 140 horsepower . . . NEW ON THE D7 SERIES D 
matched with 80% more lugging ability than the TURBOCHARGED ENGINE features 9% horsepower increase, 
previous model—for greater production. And it delivers 80% more tractor lugging ability. Optional in-seat starting is 


available. The payoff... more production! 


this production at lower operating and maintenance 
DRY-TYPE AIR CLEANER removes at least 99.8% of all dirt and 


costs. The payoff for you . . . increased performance dust from engine intake oir during every hour. Cleaner con 
that no other tractor in this power range can match. be easily serviced in 5 minutes. Filter element can be re-used. 
The poyoff ... economical, coa t t and longer 

Major improvements, developed by Caterpillar’s 
Project Paydirt, affect the engine, power train and SERVICE-FREE TRACK ROLLERS, corrier rollers and idlers ore 
‘ Pi : lifetime lubricated. New load-carrying design increases roller life. 
undercarriage. And the new Series D retains the exclu- The payoff... longer life, no on-the-job lubrication shutdowns. 
sive Caterpillar Oil Clutch. It’s time-tested; delivers up PRESSURE-LUBRICATED POWER TRAIN insures complete circu- 
to 2,000 hours—one whole season—without adjustment. lation of filtered oil to transmission, bevel gear and pinion. To 
transmit increased power, power train components have greater 
Fer complete facts about the leader, see your strength. The payoff ... longer gear life, trouble-free operation. 


Caterpillar Dealer. He’s ready to give you the whole 


story on the new D7 Series D. And he'll arrange a 
demonstration on your job. A ¥ R a L LA 


Caterpillar Tractor Co., Peoria, Illinois, U. S. A. Co 


* PROJECT PAYDIRT: Caterpillar’s multi-million- 
dollar research and development program — to meet the 
continuing challenge of the greatest construction era in 
history with the most productive machines ever developed. 


MANUFACTURERS NEWS 


/ 
NEWS EQUIPMENT 
/ 


Impact Crusher 

Joy Mfg. Co. has been licensed to 
sell the Hazemag impact crusher 
by its West German maker. In the 
Joy-Hazemag machine a fast-turn- 
ing rotor equipped with blow bars 
impacts against the feed. The feed 
is then thrown against gravity hung 
impact plates suspended pendulum 
fashion inside the large crushing 
chamber. Material is crushed to the 
exact required size by adjustment of 
impact plates and rotor speed. Both 
can be adjusted during operation. 
Circle No. 1. 


Continuous Miner 

A new continuous boring machine 
from Goodman Mfg. Co. offers min- 
ing height that can be varied from 


48 to 66 in. while operating. De- 
signated type 300, it leaves a 12-ft 
wide, flat bottom at any cutting 
height. One 250-hp, ac or dec totally 
enclosed, explosion-proof motor 
powers all machine functions. Circle 
No. 2. 


GM Diesels 


Detroit Diesel Engine Div. of Gen- 
eral Motors Corp. has added eight 
new basic units to its line of 2-cycle 


covering 
the 30 to 893-hp range, the line has 


diesel engines. Formerly 
been broadened to offer single, 
multiple, and turbo-powered engines 
ranging from 200 to 1650 hp. Units 
were field tested in rough terrain in 
bad weather conditions. A 2%4-cu yd 
Eimco front-end loader powered by 
a 6V-71 GM is shown working in an 
open pit mine in mountain regions 
near Caribou National Forest, Idaho. 
Circle No. 3. 


/ 


Stopping Device for Mills 
Allis-Chalmers Mfg. Co. has a pa- 
tented device for stopping grinding 
mills that will halt the mill in posi- 
tion for manhole access when ser- 
vicing. It consists of a magnetic 
limit switch attached to a non-mov- 
ing part of the mill and a magnetic 
operator installed on the revolving 
frame. Circuit cut-off is placéd so 
that unit will coast to halt at the 
necessary spot. Device is easily in- 
stalled on present units. Circle No. 4. 


Ore Carriers 


Scoot-Crete ore carriers by Get- 
man Bros. feature power by air- 
cooled diesel engines and maneuver- 
ability combined with large capacity. 
Model CD-4 (shown) carries 85 to 
110 cu ft, is 15% ft long. Dump box 
is hydraulically operated and unit 
has a turning radius of 11% ft. 
Circle No. 5. 


Personnel Carrier 


Ortruc Inc. built this personnel 
trailer of 18 to 20-man capacity for 
a western mining company. It will 
be used underground for transport- 
ing personnel from shaft to working 
areas. Front wheels turn 90°, left or 
right and unit measures 6 x 6% x 
14 ft. Cirele No. 6. 


/ 
/ CATALOGS 


Amplitrol Feeder 


Carrier Conveyor Corp. has in- 
troduced a new mechanical vibrat- 
ing feeder, the Carrier Amplitrol, 
with exclusive pneumatic control 
system. Motor and two banks of air 
springs are only moving parts. Fully 
variable, stepless amplitude con- 
trol, and Natural-Frequency drive 


are major features. Note simple 
pneumatic capacity control knob 
and pressure indicator on control 
panel. Circle No. 7. 


Automatic Mill Lubricator 

A new automatic Lubritrol system 
by Allis-Chalmers Mfg. Co. provides 
continuous lubrication for grinding 
mill trunnions and bearings. Consist- 
ing of separate low and high pres- 
sure pumps driven by a common 
%-hp motor, system makes it un- 
necessary for operator to provide 
lubrication while the mill is running 
or during the critical cooling off and 
starting periods. Circle No. 8. 


Hydraulic Jumbo Arm 

A new hydraulic jumbo arm 
which provides greater flexibility of 
drilling, more rapid positioning, and 
more accurate hole spacing is avail- 
able from Le Roi Div., Westinghouse 
Air Brake Co. New LJB jumbo arm 
is offered in three lengths, with 4-ft 
telescopic extensions offered on two 
of the three lengths. Double-acting 
hydraulic cylinders quickly extend, 
retract, swing, and elevate jumbo 
arm. Circle No. 9. 

(Continued on page 372) 
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7473-207 


J OY opening 


SHEAVE 


forged construction 


The hook and side plates of 
the 6’’, 8” and 10” sizes are 
forged alloy steel. The wheel is 
chrome-nickel-moly cast steel. 
All parts are heat-treated for 
strength and wear resistance. 


simple & rugged 


There are no pins, chains, bolts 
or nuts to handle or remove. 
TO OPEN JUST TURN AND 
PUSH .. . no parts leave the 
block to become lost. The rug- 
ed opening mechanism wi 

fast for the life of the block. 


Write for Bulletin 287-7 


w 


Joy Manufacturing Company 
Oliver Building, Pittsburgh 22, Pa. 


In Canada: Joy Manufacturing Company 
(Canada) Limited, Galt, Ontario 
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Manufacturers’ News 
(Continued from page 371) 


Dialysis System 

Development of dialysis equip- 
ment for separation of acids and 
other chemicals from solution has 
been announced by Graver Water 
Conditioning Co. New system is 
known as the Hi-Sep Dialyzer and 
is claimed to contain the first acid- 
resistant membranes. System is gra- 
vity-operated and _ requires little 
supervision. Circle No. 10. 


Soft Roof Bolting 


Pattin Mfg. Co. has developed the 
Air-Seal process for roof bolting in 
mines with soft and failing roofs. A 
plastic’ resin container is inserted in 
the bolt hole and this is punctured 
when the expansion shell and bolt 
are put in place. Resin solidifies 
quickly into a tough, adhesive mass 
after penetrating the surrounding 
strata and so insures greater holding 


power. Washers and gasket below 
bolt head prevent leakage of resin. 
Circle No. 11. 


Portable Apron Feeder 


Pioneer Eng., div. of Poor & Co., 
offers an extra heavy-duty, portable 
long apron feeder for quarry rock to 
primary crusher. Length center to 
center between head and tail shafts 
is 30 ft. Width is 42 in. Feeder is 
transported on dual tandem rear 
wheels. Weight of feeder is about 
45,000 lb. Power requirement, 25 hp. 
Circle No. 12. 


Water-Sealing Agent 

A chemical first used to reduce 
water intrusion in air-drilled oil 
wells has proved successful for con- 
trolling water seepage in a butane 
storage cavern and in salt mine 
shafts. The chemical, a polymeric 
water gel, is hoped to prove useful in 


. 


general mining operations by mar- 
keter Halliburton Oil Well Cement- 
ing Co. Gel, called Hydro-Lok PWG, 
penetrates capillaries of water-bear- 
ing formation. Initial viscosity is 
almost as low as that of water. In- 
jection pipes used in sealing storage 
cavern may be seen above. Circle 
No. 13. 


Preparation Screen 

Latest addition the Wedge-Wire 
line of Kleenslot preparation screens 
is the Taper-Slot, designed to in- 
crease efficiency by eliminating un- 
necessary pile-up of material. Tap- 
ering enables material that would 
normally lodge between screen 
wires to be transported with mass 
flow. Circle No. 14. 


Winkie Core Drill 


Bucyrus-Erie Co. has taken over 
production and sales of the Winkie 
portable diamond core drill from the 
Wink Corp. One man can operate 
the 45-lb drill which is powered by 
an air-cooled engine and is capable 
of recovering cores up to 8-in. diam 
in shallow drilling, 15/16-in. cores 
down to 200 ft. Circle No. 15. 


News & Notes 

Dorr-Oliver Inc. has opened a new 
service office at 4209 Clairton Blvd., 
Pittsburgh. . . . Jeffrey Mfg. Co. an- 
nounces changes of address for the 
following offices: Birmingham office 
and warehouse, 3012 Fourth Ave., S. 
Birmingham; Philadelphia district 
office, 7 Wynnewood Rd., Wynne- 
wood, Pa.; Salt Lake City district 
office, 15-N.W. Temple St., Salt Lake 
City ....A new trademark has been 
adopted by Le- 
Tourneau - West- 
inghouse Co. and 
will appear on 
all earthmoving, 
construction, log- 
ging, and heavy 
materials handling equipment made 
by the company. 
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metal mining modernization 


Savings the second 


Adjusting tor wear is a 
one-man, one-minute operation 
on Superior crushers 


Even on the largest Superior crushers, the time it takes 
to change settings is measured with a stop watch — 
not a calendar. The secret is Hydroset control. Flip 
a switch, it’s that easy. Remarkable Hydroset control 
also facilitates emergency unloading. Remember, only 
Allis-Chalmers gyratory crushers offer this profit- 
building speed and convenience. 

Bulletin 07B7870 tells the complete Superior crush- 
er story. Get a copy from your A-C representative or 
write Allis-Chalmers, Industrial Equipment Division, 
Milwaukee 1, Wisconsin. In Canada, write Canadian 
Allis-Chalmers Ltd., Box 37, Montreal, Quebec. 


Superior and Hydroset ore Allis-Chalmers trademarks. 


A-5933 


ALLIS-CHALMERS 


te siey 
eheod 


MODERNIZE! 
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To carry good engineering over 


SEALTITE COMES IN THREE TYPES: 


TYPE U.A.— Specifications for Type U. A. (Underwriters’ Laboratories Ap- 
proved) and Type C. S. A, (Canadian Standards Association 

TYPE C.S.A. Approved). Construction: flexible galvanized steel core, 
Positive ground and tough extruded outer cover. 

INSIDE OUTSIDE 

DIAMETER DIAMETER BEND (Lbs. Per 


Min. Max. Min. DIAM. 100 Feet) 
484 504 690 6 30.0 
Ya 622 642 820 d 7 36.6 
820 1.030 d 10 48.2 
1 1.041 1.066 1.290 : 12 87.7 
1% 1.380 1.410 1.630 ’ 15 116.5 


TYPE E. F. * is extra flexible—for machine tools and industrial equipment. 
It meets J.1.C. requirements. 


APPR. EST. 

INSIDE WGT. 
BEND (Lbs. Per 
DIAM. 100 Feet) 


TRADE INSIDE OUTSIDE 
SIZE DIAMETER DIAMETER 
(ins.) Min. Max. Min. 

485 .500 695 5 
VY .620 635 825 5 
8 


815 830 1.035 
1 1.030 1.050 1.295 
1% 1.370 1.390 1.635 
1%” 1.575 1.595 1.875 
2 2.020 2.040 2.350 
2%, 2.480 2.505 2.850 
3 3.070 3.100 3.470 
a 4.000 4.040 4.460 


Commercial tolerances apply on above figures. 
WHERE TO GET SEALTITE — Electrical 
Wholesalers stock Sealtite with gray 
or black cover in easy-to-handle car- 
tons or on reels. Be certain you ask 
for and get the quality conduit 


Free Booklet $-539 gives you full in- 
formation on Sealtite. For your copy, 
write: Anaconda Metal Hose Divi- 
sion, The American Brass Company, 
Waterbury 20, Conn. In Canada, 


SEALTITE CONDUIT 


marked “Sealtite” on the cover. Buy 
it in long lengths and cut it on the 
job without waste. Your wholesaler 
also stocks liquid-tight connectors. 


FOR WET SPOTS 


Sealtite is approved by Canadian 
Standards Association, and sold by 
Anaconda American Brass Ltd., New 
Toronto, Ont. 


MOVING CONNECTIONS 


*Pat. Applied For 58184 Rev. 


i 
i 
2.875 20 198 
Be é 
WANA 


from plans performance 


insist 


the original flexible, liquid-tight electrical 
conduit that protects wiring against oil, 
grease, water, dirt, chemicals, corrosive 
fumes, salt spray, weather. 


SEALTITE is a flexible and liquid-tight 
electrical conduit. It gives maximum 
protection to your wiring when it 
must connect moving parts, absorb 
vibration, follow machine contours, 


LISTED UNDER LABEL SERVICE PROGRAM 


OF UNDERWRITERS’ LABORATORIES, INC 


CUTAWAY SECTION of Type UA. Seal- 
tite shows tough polyvinyl jacket over 
flexible galvanized steel core. Copper 
conductor wound spirally inside conduit 
gives positive ground, 


OUTDOORS 


flex into U-bends, be easily main- 
tained or be safeguarded between 
misaligned outlets. 

It is being used successfully in wet 
locations, in tunnels, power plants, 
steel mills, canneries, chemical plants 
and in many outdoor applications. 


insist on the conduit marked 


SEALTITE 


Flexible, Liquid-Tight Conduit 


a, ANACON pA product 


MISALIGNMENT 


SEALTITE. 


SEALTITE 


MATT 
A 
\ 
| COPPER BONDING CONDUCTOR Z 
~ r ‘ : 
CONDUIT 27 | | 


ECONOMIZE 
vit buitin REOPEO™ 


Massco-Grigsby Pinch Valves 
..- their Long Wearing Life makes them 


Cost Less to Own! 
Rubber or Neoprene 
sleeves for abrasive and 
corrosive pulps and 
liquids 
and Laboratory Equipment, too 


Pressures to 150 psi. : 
Temperatures to 200° F. a ely 4” x 6” Massco J 6” and 10” 


Manual or power-operated Leboratory Messce Gy-Rel 
closing mechanisms Jaw Crusher = Reduction 
Automatic regulation and Welded steel frame; manganese Laboratory Geter 
steel jaw and cheek plates; Reduces 12" feed to as fine 
remote control available. bronze bushed bearings; smooth as 10 mesh in single pass. 
jaws give better product and High capacity, low power 
easier cleaning. Adjust for plate consumption. 

wear and product size by con- 
venient hand wheel adjustment. 


Patented “hinged” sleeve. 
Recesses serve as “hinges” 
during compression; reduce strain 
and permit tight closing. 


eliminates high Sizes (Diameter x width): 8 x 4”, Massco-McCool 


Unobstructed flow Laboratory Crushing Rolls 


friction loss. 10” x 6”, 10x 8, 12x 10” and Pulverizers 


12” x 12”. Adjustable roll space 
setting up to 34’. Double V-belt Disc type grinder with a 


drive. Heavy, cast Meehanite 
Split flanges and frame absorbs vibration, results oer re om 
Flex Seal ends assure in long life. _— 
perfect seal. 


*Reduced operating costs. W R | T E FO 4 CATA LO G S 


Manufacturing Division 


THE MINE AND SMELTER SUPPLY co. 


i 
j : ee 
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SALES AGENTS in Peru, Chile, Philippine Islands, Japan, New York City (for Continental Europe) and in principal cities of the U.S. 
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|SULPHUR| 


j 


INVISIBLE 


j 


BUT / 


PRE SENT / 
) 


Sulphur enters the automobile picture in two ways: 


j 


/35 POUNDS OF 
/ SULPHUR 


and derivatives 
help to produce the 


average 
directly and indirectly. 


automobile SESS Sulphur, either as the elemental or as one or more derivatives, is used in the 
_— manufacture of rubber and rayon. Indirectly, it is used in processing 
the steel that forms the body. It is used in the plating operation on trim and 
fixtures. It is deliberately introduced into certain steels to provide 
better machining qualities. 
Recognizing the importance of Sulphur to the basic industries such as the 
manufacture of automobiles, and to our ever-expanding economy generally, 


TGS is broadening its service: production, distribution and technical. 


SULPHUR PRODUCING UNITS TEXAS GULF SULPHUR co. 


Xs cred oo * Spindietop, Texas 75 East 45th Street, New York 17, N.Y. 
luff, as- 
811 Rusk Avenue, Houston 2, Texas 
* Fannett, Texas 
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Photos slightly reduced 


NI-HARD mill liners 


...good to the last 4” 


Original liner 3%" minimum 
thickness. Worn to ‘4’ before 
replacement. No breaking. ele 
No cracking. Outlasted unalloyed 
white iron 2.15 to 1 and 
manganese steel 1.46 to 1 


MILL LINER MINIMUM THICKNESSES 


If you are unacquainted with Ni-Hard* mill liner 
segments, the table below will give you a rough 
guide to the minimum thicknesses for an initial 
installation. Thinner liners than these can and 
are being used based on individual experience, 
but the thicknesses contained in the 
chart are suggested as a starting point 
for the mill man who is thinking about 
using Ni-Hard liners for the first time. 


MINIMUM MILL LINER THICKNESS 


MILL 
DIAMETE 


Fd SIZE OF GRINDING BALLS OR RODS 
1 


6 1.5” / 2.0” 2.5” / 3.0° 
8 1.75 / 2.25 / 2.75 / 3.25 
10 2.0 2.5 3.0 3.5 


“Ni-Hard mill liner segments are available 
from authorized producers throughout the 
country. For the address of the one 
nearest you, write to Inco.” 


*Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street aie, New York 5, N. Y. 


NI-HARD 


NICKEL MAKES CASTINGS 
PERFORM BETTER LONGER 


| 
: 
7 
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REPORTER 
Pea Ridge and Viburnum in Progress 


Meramec Mining Co., owned jointly by St. Joseph Lead and Bethlehem Steel, 
expects its No. 1 shaft at Pea Ridge, Mo., will reach the 1680-ft level in June and 
the first development drift will be driven. Shaft No. 2 in the big new iron de- 
posit is intended for production use and was started early this year. Project 
schedule calls for plant capacity of 2 million tons yearly by the end of 1962... . 
St. Joe’s new lead area at Viburnum, Mo., is slated to start producing in early 
1960. Mine development has begun, construction started on 6000-ton mill. 


New Sulfur Facilities 


An elemental sulfur recovery plant of 100,000-ton capacity is underway by 
Texas Gulf Sulphur at Okotoks, near Calgary, should be ready this summer. . . 

Texas Gulf also has plans for a molten sulfur terminal at Tampa, Fla., to be 
built by De Bardeleben Marine Corp. and designed to accommodate a new 
transport ship equipped to carry 7500 tons of molten sulfur in steam-heated tanks. 


Acquisitions & Mergers 

Robert P. Koenig, Cerro de Pasco president, and Chester D. Tripp, president of 
Consolidated Coppermines, signed an agreement that gives Cerro all Copper- 
mines’ assets, property, and business in return for securities and cash valued at 
more than $35 million. Acquisition puts total Cerro assets at about $240 million, 
gives it control of Titan Metal Mfg. Co. and Rockbestos Products Corp .... 
American Asbestos Mining Corp. has granted Jefferson Lake Sulphur Co. the 
right to explore and develop its asbestos property in Calaveras County, Calif. 
.. . U.S. Smelting, Refining, & Mining Co. has leased its Sunnyside lead-silver- 
zine property in Silverton, Colo., to Marcy-Shenandoah Corp. of Durango, Colo. 
. . . Texas-Gulf Sulphur Co. has been granted an option on lithium mining prop- 
erties in North Carolina by Basic Atomics Inc. Agreement includes five-year 
option on patented process for recovering lithium from spodumene.. . . Vitro 
Corp. of America has increased its ownership of Heavy Minerals Co. to 87% pct 
by acquiring interest held by Crane Co. Minority interest is held by subsidiary 
of French chemical group, Pechiney. . . . Directors of Vanadium Corp. of Amer- 
ica are proposing merger with Keokuk Electro-Metals Co. Move would increase 
products, broaden markets. Keokuk makes pig iron, silicon metal. . . . American 
Metal Climax Inc. abbreviates its name, AMAX. 


Copper News 


Duval Sulphur & Potash Co. has started crushing ore from its new Esperanza 
open pit copper mine at Twin Buttes, near Tucson. Ore grades average 0.75 pct 
Cu; reserve of 49 million tons is expected to sustain a 12-year mining operation. 
Capacity should soon reach 12,000 tpd. . . . Biggest copper and copper alloy 
tube mill in the U.S., the new Phelps Dodge Copper Products Corp. plant in 
South Brunswick, N. J., has just started production .... A labor walkout at 
Montana properties of Anaconda has been curtailed by court order 
Strike-closed Kennecott Ray facilities at Hayden and Ray, Ariz., have resumed 
production . . . . The price of copper quoted by primary producers has climbed 
to 3144¢ per lb and there is pressure for a still higher rise. Custom smelters, for 
instance, are now selling at 34¢ and metal is in fairly tight supply. Consumers 
have stepped up demand, apparently in fear of strikes when existing labor con- 
tracts run out in mid-year. 
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Lead Price Up & Down 
The price of lead, up %¢ on March 5, has dropped %¢ to l1l¢ again. A brief 
boom period ended when the price was raised to 11%¢ and recently there has 
been an increasing spread between the U.S. and London prices. A recent quota- 
tion on the London Metal Exchange was the equivalent of about 8%¢ per lb. 


New Labrador Trough Project 


Another large iron ore mining project in Labrador has been projected by Iron 
Ore Co. of Canada. The company has disclosed plans for a mine, concentrating 
plant, power plant, and a 3500-population town site near Carol Lake, very 
close to another new project by Wabush Iron Co. at Wabush Lake. Carol Lake, 
second development by Ioco after the more northerly Knob Lake project, is ex- 
pected to produce 6 million tons annually of high grade concentrates when it 
goes into production in late 1962... . 


More Iron Ore News 
Wabush Iron Co.’s planned 42-mile rail link from its Wabush Lake iron ore de- 
posit in Labrador with the existing Quebec, North Shore, & Labrador Ry. is ex- 
pected to be completed within a year .. . . Pittsburgh Steel Co. has purchased 
a 78-pct interest in the Bennett Mining Co. of Hibbing, Minn. Bennett firm, a 
producer on the range since 1917, was bought from Youngstown Sheet & Tube 


Co. and Bethlehem Steel Corp... . Peru’s second biggest iron ore mine, the 
Acari, 350 miles south of Lima, will be ready in less than half a year for pro- 
duction of about 5000 tpd of ore... . A contract for a 2000-tpd iron ore pellet- 


izing plant has been let to Arthur G. McKee & Co. by Humboldt Mining Co., 
Humboldt, Mich. New facility will double Humboldt’s present capacity. 


Inco’s Manitoba Project Ahead of Schedule 
International Nickel is surpassing its production schedule in getting its northern 
Manitoba project in shape for full production in 1961. The 2100-ft production 
shaft and the 1057-ft development shaft have been completed and a 500-ft 
smelter stack finished. 


USSR Biggest Coal Tonnage Producer 
Russia produced hard coal and lignite totalling almost 500 million long tons 
last year, making it the world’s largest tonnage producer. But since much of 
this output is lignite, the U.S. exceeds Russia in coal production in terms of 
energy. The U.S. Bureau of Mines says Russia relies on coal for 70 pet of its 
energy needs, U.S. only 35 pct. Reserves of both nations appear adequate for sev- 
eral hundred years. 


Town of Hayden Awarded Civic Prize 
Citizen participation in civic affairs last year has brought Hayden, Ariz., an 
All-America City Award. Hayden, formerly a Kennecott Copper Corp. com- 
pany town for 45 years, was incorporated in 1956. The award was presented by 
National Municipal League and Look to just ten other U.S. cities and towns. 


Shattuck Denn Mine Shipping, New Western Nuclear Contract 
The Bardon shaft of the San Juan County, Utah, property of Shattuck Denn has 
started producing uranium ore averaging 0.45 to .50 pct U.O.. All ore extracted 
will be sold to Kerr-McGee Oil Industries and shipped to its Shiprock, N. M., 
mill. . . . Western Nuclear Corp. has AEC approval for increasing capacity of 
its mill at Split Rock, Wyo., and has awarded a construction contract to West- 
ern-Knapp Eng. Co. Capacity will be stepped up from present 440 tpd to 850 
tpd. Ore is treated by the acid leach resin-in-pulp ion exchange process. 
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| 2-WAY TRAMP IRON PROTECTION 
- Exclusive with the KENNEDY Gearless Reduction Crusher 


Uncrushable material inevitably finds its way into 
every reduction crusher. Only with the KENNEDY 
Gearless Reduction Crusher is absolute protection as- 
sured—for only KENNEDY provides 2-way protection 
against costly machine damage. 


Primary Gyratory 


Ordinary tramp iron and uncrushable oversize is 
passed by the quick-acting, positive spring cage, with- 
out damage. 


The KENNEDY patented built-in drive coupling with its 
overload device, provides positive protection against 
breakage from unusually large pieces of tramp iron. 
Operates only when uncrushable material enters crusher. 


Write today for your copy of Bulletin No. 58-D describing 
the many other important features of the KENNEDY 
Gearless Reduction Crusher. 


KENNEDY VAN SAUN 


MANUFACTURING & ENGINEERING CORPORATION 


405 PARK AVENUE, NEW YORK 22, N.Y. © FACTORY: DANVILLE, PA. 


Roll Crusher Overhead Crusher Swing Jaw Crusher 
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THE NEW 
BUCYRUS - ERIE 


30-R 


Here’s a small sample of the big performance features 
the new Bucyrus-Erie 30-R rotary blast hole drill offers. 


Big Capacity — Drills 614 to 7%-in. holes with 
rotary bits and down-the-hole tools. 


Terrific Pull-Down — Hydraulic motor exerts a 
pull-down force of 30,000 pounds. 


Infinite Selection of Speeds — Hydraulic ro- 
tary drive can be varied from 0 to 110 rpm. 

Fully Self-Contained — With five lengths of pipe 
in its rack, the 30-R is always ready to move in and drill 
to a depth of 106 feet completely on its own. 

Works Fast and Steady — Top drive permits 
continuous drilling for more than 21 feet before adding 


new pipe. 
Always Solid, Always Level — The 30-R stands 
firmly on large, 20-in.-wide crawler treads .. . levels 


instantly with three big hydraulic jacks. 


It’s another OUTSTANDING B-E drill with the 
same rugged stamina... the same operating ease and 
servicing convenience that have made larger Bucyrus- 
Erie rotaries the most popular in the field — by far. 
The 30R may also be truck-mounted. 


Write Dept. 2B59G, Bucyrus-Erie Company, Drill 
Division, Richmond, Indiana, for complete information 


on the new 30-R. nes 
BUCYRUS 
ERIE 


Builds Better Equipment 
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EIMCO 637 

ELECTRIC DOZER 
AND 

MINE ROOF BOLTER 


Shown here with hydraulically operated 
roof bolter attachment. is Eimco’s new 
model 637. AC or DC motors drive pumps 
providing hydraulic power to independent- 
ly activated tracks and to dozer, drill boom 
and cable reei. Motors and switchgear ap- 
proved for gassy coal mine use. Three 
speeds forward and reverse through trac- 
tion control valve. Boom permits 50 degree 
lateral movements. Dual purpose Dozer 
Blade acts as stabilizer. Boom folded back 
when not in use, permits dozing in less 
than five feet of head room. 

Another example of Eimco’s advanced 
engineering and quality craftsmanship 
which results in equipment built to fit your 
on-the-job needs . . . the new Eimco 637 
Electric Dozer. 


jam’ ] For all the details, contact the sales 
“@ “5 office nearest you or write 


THE EIMCO CORPORATION 
P. O. Box 300, Salt Lake City 10, Utah 


rHE EIMCO CORPORATION. SALT 
EXPORT OFFICE, 3s 52 SOUTH STREET, NEW YORK, N. Me; 
BRANCHES AND DEALERS IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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NOTICE---SME PREPRINT AVAILABILITY 


The following list of papers (from the 1959 San Francisco Annual Meeting) will be available until Jan. 1, 1960. Coupons received with 
the 1959 dues bills and those distributed at the 1959 Annual Meeting will also expire on this date. Purchased coupon books will be 


honored an any future date. A new listing of available papers will appear in a forthcoming issue. It will include additional papers pre- 
sented at the 1959 Annual Meeting (San Francisco) and at other SME meetings throughout the year. Preprints may be obtained (upon 
presentation of properly filled out coupon) from SME Headquarters, 29 W. 39th St., New York 18, N. Y. Coupon books may be obtained 


50H1--Water Law and Its Significance to the 
Mining Industry by Wells A. Hutchins 

59H2—Relation of Land Subsidence to Ground- 
water Withdrawals in the Upper Gulf Coast 
Region, Texas by Leonard A. Wood and 

G. Winslow 

59F3—Hydraulic Mining of Gilsonite and Its 
Application to Coal Mining by J. H. Baker 

59H4—Recovery of Phosphates by In Situ 
Fluid Mining by Sylvain J. Pirson 

59F5—Coal Cleaning Plant Design for Mini- 
mum Operating Labor by Wm. M. Bertholf 
and John D. Price 

59F6—Coke Combustibility: 
Characteristic by J. D. Price. 

59B7—Union Carbide's Uranium Operation at 
Maybell, Colorado by K. W. Lentz and F. T. 
Temple 

59H8—A Rapid Method for Estimating Alu- 
mina in Feldspathic Sands by Hugh H 
Bein 

59H9—Water Laws as Related to Dredging in 
Idaho by Robert A. Lothrop, Richard B 
Porter, and Robert P. Porter 

58B10—Separation and Washing of Alumina 
Process Residue by Morton Handelman 

59B11—Feed Preparation and Froth Modifica- 
tion for Fatty Acid Flotation by Carl C. 
Martin and Burt C. Mariacher 

59B12—Design Requirements for Tailing Dis- 
posal in the Southwest by E. Vern Given. 

59B13—-Semi-Dome Shaped Buildings for 
Bulk Storage by Edward E. Ives and Wil- 
liam L. Payne 

59H14—Flow of Limestone and Clay Slurries 
in Pipelines by Ross W. Smith. 

59H15—CO, Gas as a Cement Slurry Thinner 
by Duncan Williams and H. Potter 

59H16—Potash in Saskatchewan by Marion 
A. Goudie 

59B17—Pebble Milling Practice in the Reduc- 
tion Works of the Gold Mines of Union 
Corp., Ltd. by O. A. E. Jackson 

59L18—The Bonanza Project, Bear Creek 
Mining Co. by Douglas R. Cook 

59319—Preregistration Counseling for Mineral 
Industries Students at Penn State by John 
J. Schantz, Jr 

59H20—Colemanite as an Important Source of 
Borates by William T. Griswold 

59K21—Trends in Real Prices of Representa- 
tive Mineral Commodities 1890-1957 by 
Charles W. Merrill 

59K22—Realignment of the Paley Commission 
Predictions Over the Next Five Years by 
S. G. Lasky 

59K23—-Industrial Minerals 1950-1958-1975 
With Special Emphasis on Fluorspar by 
Raymond B. Ladoo 

59F24—Removal of Sulfur Dioxide from Flue 
Gases at Elevated Temperatures by Daniel 
Bienstock and J. H. Field 

59B25—Ferrograde Concentrates from Arkan- 
sas Manganiferous Limestone by Morris M. 
Fine 

59F26—Are Coal-Mine Employees and Dol- 
lars Protected from Fire as well as Other 
Industrial Employees and Dollars by R. 
Ward Stahl 

59AU27—Ground Movement and Subsidence 
from Block Caving at Miami Mine by 
J. Fletcher 

59B28—Leaching, lon Exchange and Precipi- 
tation, Blind River Uranium Ore by R. P 
Ehrlich, A. G. Roach and K. D. Hester 

59A029—Firing Fertilizer for Fragmentation 
by John R. Knudson 

50F30-—The Integration of Coal Characteris- 
tics with the Design of Large Pulverized 
Coal Steam Generating Units by Douglas O. 
Hubert 

59K31—Light Metals—Prediction and Per- 
formance by Walter L. Rice. 

59B32—Confirmation of the Third Theory by 

F. C. Bond 

59B33-——Non-sulfide Flotation With Fatty Acid 
and Petroleum Sulfonate Type Promoters 
by Stuart A. Falconer 

59F34—A Laboratory Investigation of Floc- 
culation As A Means of Improving Filtra- 
tion of Coal Slurry by M. R. Geer, P. Ja- 
cobson, and H. Yancey. 

59B35——-The Gyratory Ball Mill, Its Principle 
of Operation and Performance by A. W. 
Fahrenwald. 

59A0386—Selection of an Open Pit Haulage 
Method by Wm. N. Matheson. 

59B37—Thickening Leach Residues in the 
Sherritt Gordon Nickel Refinery by S. C. 
Lindsay and D. J. I. Evans. 


Neglected 
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from SME for $5 a book (10 coupons) for members or $10 a book for nonmembers. Each coupon entitles the purchaser to one preprint. 


59L38—Some Application of Seismic Bedrock 
Investigations in Ore Prospecting by J. C. 
Stam 

59L39—Canadian Aero/Newmont Helicopter 
System As Applied to Massive Sulphide 
Exploration by R. H. Pemberton 

59L40—Comparison of Plant and Soil Pros- 
pecting for Nickel by Chas. P. Miller. 

59B41—Refining of Nickel-Copper-Cobalt 
Mattes by Pressure Leaching and Hydro- 
gen Reduction by V. N. Mackiw, R. F. 
Pearce, and J. P. Warner 

59B42—-Kinetic Study of the Dissolution of 
UO, in HSOy by Wadsworth and 
T. L. Mackay. 

59F43-—-What Can Be Expected From Coal 
Research? by T. Reed Scollon 

59B44—The Effect of Thermal Treatments 
On Grindability by F. M. Stephens, Jr. 
and A. L. Wesner 

59H416—Geology of the Montgary Pegmatite 
by Richard W. Hutchinson 

59147—-Geochemical Study of Lead-Zinc-Sil- 
ver Ore from the Darwin Mine, Inyo Co., 
Calif. by Wayne E. Hall 

59K48—Iron & Steel; The Paley Report in 
Retrospect by John D. Sullivan 

59A049—Transportation Expansion & Im- 
provement in Chuquicamata by Robert 
Laurich 

59A050—Planning, Developing, and Oper- 
ating the Berkeley Pit by . O. Bonner, 

C. Goddard, Jr.. P. M. Young, and F. 


Ralph. 

59B51—The History of Soap Flotation by 
George H. Roseveare 

59B52—Two Years of Milling At Bicroft 
Uranium Mines, Ltd. by D. F. Lillie, W. J. 
Dengler, and I. C. Edwards. 

59H53—Diatomite—A Current 
Arthur B. Cummins 

59B54— Working the Kinks Out of the Home- 
stake-New Mexico Partners Mill by Clyde 
N. Garman 

59A055—Improvements in Loading and Haul- 
ing Equipment and Their Effect on Unit 
Costs by Charles Scott Davis 

59H56—-Measurement of Cement Kiln Shell 
Temperatures by N. C. Ludwig and R. E. 
Boehler 

59H57—-Man-made Industrial Diamonds by 

J. D. Kennedy 

59B58—Scrubbing of Mesabi Range Interme- 
diate Iron Ores by R. C. Ferguson and Wil- 
liam R. Van Slyke 

59B59—Stockpiling Purposes, Methods and 
Tools by Lawrence O. Millard and S. A 
Scott 

59H60—-Ammonium Nitrate Blasting in Pot- 
ash Mining by A. V. Mitterer 

59H61—-Modern Classification Methods Ap- 
plied to Fine Aggregates by Charles E. 
Golson 

59B62—Flow of Bulk Solids—Progress Report 
by Andrew W. Jenike. 

59B63—Crushing Practices at Reserve Mining 
Company Operations by A. S. Henderson, 
E. M. Furness, and F. E. MaclIntire. 

59AU64—Mining at Gaspe Copper by W. G. 
Brissenden. 

59K65—Review of Copper, Lead & Zinc Ex- 
perience Compared With Predictions by 
Evan Just 

59B66—Belt Conveyor 
A. W. Asman 

59B67—-Consideration of Practical Ore Dress- 
ing Problems that are Seemingly at Vari- 
ance with the Theoretical by C. J. Veale. 

59B68—Operation and Maintenance Improve- 
ments in a Large Taconite Plant are Facili- 
tated by Good Basic Engineering Design by 
Robert J. Linney 

59169—Tectonic Analysis as an Exploration 
Tool by Peter C. Badgley 

59B70—The R-N Rotary Kiln Process for Re- 
duction of Iron-Ore by O. Moklebust. 

59AU71—Algom Nordic Development to Pro- 
duction by E. R. Olson and Murray Airth. 

59AU72—Safety Organization at Braden Cop- 
per Co. by Stanley M. Jarrett 

59B73—High-Intensity Magnetic Separation 
of Iron Ores by Ossi E. Palasvirta. 

59F74—Determination of Coke Oven Produc- 
tivity from Coal Charge Characteristics by 
A. H. Brisse 

59AU75—Long Hole Drilling as an Aid to 
Mining and Development Work at United 
Park City Mines Company by G. W. De La- 
Mare 

59K76—Current Trend of Production and 
Consumption of Sources of Energy by 
Eugene Ayres 


Review by 


Power Studies by 


59177—Quantitative Mineralogy as a Guide to 
Exploration by R. J. P. Lyon and W. M. 
Tuddenham 

59B78—Flocculation—Key to More Economic 
Solid-Liquid Separation by Robert H. 
Oliver 

59A079—Drilling Methods & Equipment at 
New Cornelia Open Pit Mine by John Ed- 
mund O'Neill. 

59F80—Mine Communication System at San 
Manuel by C. L. Pillar. 

59B81—Some Design Aspects of Large Ura- 
nium Mills by D. J. McParland. 

59AU82—Underground Storage for Hydro- 
carbon Fluids by Robert L. Loofbourow. 

59A083—Blasting with Commercial Grade 
Ammonium Nitrate at the Utah Copper 
Pit of the Kennecott Copper Corporation 
by Laurence E. Snow 

59AU84—A Campaign for the Elimination of 
Accidents at the Lavender Pit by 
Pincock 

59F85—Coal Characteristics and Their Rela- 
tionship to Combustion Techniques by T. S 
Spicer 

59F86—Characteristics of Coal Preparation 
Plant Slimes by . B. Charmbury and 
D. R. Mitchell. 

59F87—Safety With Continuous Miners and 
Other Mechanized Equipment in Pitching 
Coal Beds by L. H. McGuire 

59B88—The Production of Self-Fluxing Pel- 
lets in the Laboratory and Pilot Plant by 
K. E. Merklin and F. D. DeVaney. 

59H89—Trends in the Markets for Mineral 
Fillers in the Western States by W. F. 
Dietrich 

59F90—Reducing the Bump Hazard at Sunny- 
side by L. P. Huntsman and H. H. Elkin. 

59A91—The Jackling Lecture—Economic His- 
tory of the Lake Superior Iron District by 
Ralph S. Archibald 

59F92—The Advantages of AC Power for 
Underground Mines by Wendell C. Painter. 

59B93—Physical Chemical Aspects of Floccu- 
lation by Polymers by Wm. F. Linke and 

R. B. Booth 

59A94—-Industrial Relations—A Service for 
the Link Organizations by Edmund Flynn. 

59H95—Thorite and Rare Earth Deposits in 
the Lemhi Pass Area, Lemhi County, Idaho 
by A. Anderson 

59AU96—Mining Problems and Developments 
at Ambrosia Lake, New Mexico by Donald 
T. Delicate 

59H97—The Grand Isle Mine—Freeport Sul- 
phur Company's Offshore Venture by Ray- 
mond H. Feierabend, Z. Wilson Bartlett, 
and C. O. Lee. 

59A098—Replacement of Capital Equipment 
by H. J. Schwellenbach 

59B99—The Wobbler Feeder by T. A. Ober- 
hellman 

59AU100—Pillar Extraction at the Mi Vida 
Mine by Theodore J. Barrett. 


593101—Exploration Developments by Arthur 
Brant 
59A0102—Ammonium Nitrate Blasting Agents 


by Louis W. Towle 

59L103—-Anaconda Exploration in the Bath- 
urst District of New Brunswick, Canada by 
Cc. G. Cheriton. 

59J104—Problems and Developments in Min- 
eral Beneficiation by Norman L. Weiss. 

593105—Alhambra Cobalt-Nickel-Silver De- 
posit, Black Hawk District, New Mexico by 
Elliott Gillerman 

59F106—AC Power Distribution for Under- 
ground Mining by Will Brown Jamison. 

59F107—Design for Minimum Maintenance 
Labor and Supplies by A. P. Massmann. 

59B108—Counter Current Decantation—When 
& Why by E. J. Roberts. 

59A109—The Seismic Wave from Plaster and 
Drill-Hole Explosive Charges by A. W. 
Ruff 

59H110—Some Remarks about the Washing- 
ton-Idaho Clay Basin by E. C. Stephens 

59B111—The Magnetic Susceptibility of Rutile 
and Sphene by S. C. Sun, D. J. Cook, and 
D. R. Mitchell. 

59B112—Single Mineral Flotation with Lino- 
lenic, Linoleic, Oleic, and Stearic Acids by 
Shiou-Chuan Sun. 

59B113—Large-Scale Laboratory Investigation 
of the Ammonium Sulphate Leaching-Hy- 
drogen Reduction Process as Applied to 
Nicaro Bulk Precipitate by J. F. Shea and 
O. F. Tangel 

59H1L14—Rubidium and Cesium—Their Pres- 
ent Status and Their Potentialities by 
Hung-Kei H. Lam. 
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‘\. AIR MOVING EQUIPMENT FOR ALL INDUSTRY 


BEFORE: Inside the dump house before 
turning on the Joy Microdyne. Unretouched 
photo shows how dust laden air creates a 
choking haze. 


AFTER: This unretouched photo shows 
dump house after the collector has been in 
operation for 15 minutes. The air has 
cleared, and dusts are carried through duct- 
ing to the Joy Microdyne. 


wew | 7431-204 


JOY MICRODYNE DUST COLLECTOR 
GIVES CLEAN MIR... even IN COAL DUMP 


Write for 


A large coal mine had a serious dust prob- 
lem. Coal dust from a rotary car dump 
would fill the air in the building in which 
the equipment was housed. Over a period 
of two shifts, so much dust would settle 
that the conveyor equipment under the 
dump would clog with dust. A mainte- 
nance man would spend most of the third 
shift with shovel and broom to clear the 
accumulated dust. 

After a 32,000 cfm Joy Microdyne dust 
collector was installed, maintenance was 


Bulletin 284-7 reduced to a general once-a-week clean- 


ing. By mounting the Microdyne halfway 
between the car dump and a large crusher 
house, and connecting them with stainless 
steel tubing, the one dust collector serves 
both buildings. 

The Joy Microdyne is a new kind of 
dust collector, 1/10 to 1/20 the size of 
any other collector. It is extremely 
efficient and simple to install and is 
especially suited for conditions encoun- 
tered in mining. 

If your operation has a dust problem, 
why not talk to a Joy engineer. 


JOY 


Dust Collectors 


Compressors 


Ready-Span 
Conveyor 


Joy Manufacturing Company 
Oliver Building, Pittsburgh 22, Pa. 


In Canada: Joy Manufacturing Company 
(Canade) Limited, Galt, Ontario 


AS 


Fans and 
Blowers 
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One of the most successful ventures in the 
field of uranium extraction in the new 440- 
ton mill of the Dawn Mining Co., near Ford, 
Washington. Using the ion-exchange process, 
the plant has achieved better than 94% over- 
all recovery. The ion-exchange system along 
with other process equipment, was supplied 
by Dorr-Oliver. 

The design of efficient ion-exchange sys- 
tems to meet complex and widely varying 
requirements of the mining and other indus- 
tries is but one of the services offered by 
Dorr-Oliver. In the case of ion-exchange 
systems every installation is individually de- 
signed and developed for maximum utiliza- 


STAMFORD 


new Dawn Mining Co. mill equipped with 
DORRCO ION-EXCHANGE SYSTEM 


WORLD - WIDE RESEARCH 


tion of cell volume, most efficient use of 
resins and uniformly high performance de- 
spite the many fluctuating factors in operat- 
ing cycles. 

Complete Dorr-Oliver service which may 
be brought to bear on any plant engineering 
problem includes laboratory testing, pilot 
plant proving to determine operating factors 
and equipment sizes, economic analysis, plant 
design specifications, responsibility for plant 
construction and supervision of initial oper- 
ation, together with personnel training. 

For complete information on Dorr-Oliver 
services, contact Dorr-Oliver Inc., Stamford, 
Conn. Ask for Bulletin 7003. 


Dorrco—T.M. Reg. U.S. Pat. Off 


ENGINEERING 
CONNECTICUT 


EQUIPMENT 


to the ton of the nest co. 
- LIWEF 
J xe 


SENIORS IN MINING ENGINEERING AND RELATED FIELDS 


The AIME Student Chapter Af- 
fairs Committee has prepared the 
following list of seniors in American 
colleges majoring in mining engi- 
neering curricula and in other cur- 
ricula (geological engineering, min- 
eral beneficiation, etc.) related to 
mining. It is believed that publica- 
tion of this list will be of service to 
mining companies and others who 
employ such engineers. Similar lists 
are being published for metallurgy 
in the Journal of Metals, and for 
petroleum engineering in the Jour- 
nal of Petroleum Technology. 

Because this is the first year that 
the committee has compiled such 
lists, inevitably there are errors and 
omissions. One of the most difficult 
problems is encountered in depart- 
ments of geology. There are many 
such departments with little or no 
contact with AIME, although some 
of their graduates may enter the 


I. Mining Engineering (M), Petroleum option 
(P), Mineral Beneficiation (B), Mineral 
Economics (M.Ec.) 

UNIVERSITY OF ALABAMA, University, 

Ala., School of Mines, James R. Cudworth, 

Seniors: (M)—J. F. Lewis, B. H. Russell, 

O. L. Russell, M. T. Smith. (Total 4) 

UNIVERSITY OF ALASKA, College, Alaska, 

School of Mines, Earl H. Beistline, Dean. 

Seniors: (M)—-W. Fuller, L. Grothe, M. Iwan- 

ciw, R. Markle, T. Rosadiuk, E. O. Strand- 

berg. (Total 6) 

UNIVERSITY OF ARIZONA, Tucson, Ariz., 

College of Mines, J. D. Forrester, Dean. 

Seniors: (M)—I. H. Barkdoll, E. B. Bunnell, 

J. Q. Burns, J. E. Daveau, D. A. Deci, J. E. 

Farabee, M. Keevan, A. Lindsay, J. B. Mul- 

chay, J. H. Myers, G. 8. Perkins, J. C. Porter, 

R. F. Schuck, W. G. Slack, J. D. Terrill, 

Z. Warner. (‘B)—E. D. Albrecht, W. L. 

Autrey, G. A. Burns, J. A. Caid, D. E. Claw- 

son, R. D. Groves, H. D. Harper, R. L. John- 

son, P. H. Kreyns, T. B. Lund, G. Saltzman, 

W. E. Seginski, L. E. Thomas, W. T. Vomecil, 

P. L. Wallace, R. T. Zimmerman. (Total 32) 

UNIVERSITY OF CALIFORNIA, Berkeley, 

Calif.. Dept. of Mineral Tech., Prof. J. A. 

Pask, Ch. Seniors: (M)—J. E. Best, A. T. 

Chandler, M. E. McPherson, D. N. Mollin. 

(Total 4) 

COLUMBIA UNIVERSITY, New York, N.Y., 

School of Mines, Dept. of Min., Met., and 

Mineral Eng., Prof. M. D. Hassialis, Ch. 

Seniors: (M)—S. Beck, M. Celasun, G. 

Haworth, R. Hays, R. Hoppe. (Total 5) 

COLORADO SCHOOL OF MINES, Golden, 

Colo., Dept. of Mining Eng., Prof. L. J. Park- 

inson, Hd. Seniors: (M)—G. A. Burrell, D. E. 

Dalton, G. A. Dunham, H. W. Earnest, W. D. 

Gay, Jr., A. E. Giliberti, P. Kulvanit, W. F. 

Kylimann, J. P. McDonough, M. D. McGuire, 

W. O. Mergenthal, E. A. Peterson, P. A. Rut- 

ledge, R. J. Schuster, J. D. Simpson, F. R. 

Slover, T. L. Sluga, R. M. Swerdfeger, F. J. 

Ucciardi, R. E. Van Hare. (Total 20) Dept. of 

Met. Eng., Prof. H. Gordon Poole, Hd. Sen- 

iors: (B)—R. E. Blom, L. G. Cahill, W. 8. 

Case. Jr., D. B. Newton, R. C. Schutz, D. L. 

Smith. (Total 6) 

UNIVERSITY OF IDAHO, Moscow, Idaho, 

College of Mines, Dept. of Min. and Met., 

Prof. Joseph Newton, Hd. Seniors: (M)— 

R. D. Gott, D. G. Mickle, Jr., G. L. Schier- 

man, J. V. Tingley. (Total 4) 

UNIVERSITY OF ILLINOIS, Urbana, IIl., 

Dept. of Min. and Met. Eng., Prof. Thomas 

A. Read, Ch. Seniors: (M)—D. W. Baseley, 

T. R. Brown, W. E. Cullum, R. K. Murray, 

J. R. Yancik. (P)—P. A. Nikias, R. J. 

Pusanik, J. J. Warner, G. K. Wineland. 

(Total 9) 

UNIVERSITY OF KANSAS, Lawrence, Kans., 

Dept. of Min. and Met. Eng., Prof. K. E. 

Rose, Ch. Seniors: (M)—M. K. Bernitz. 

(Total 1) 

UNIVERSITY OF KENTUCKY, Lexington, 

Ky., College of Engineering, Dept. of Min. 

and Met. Eng., Prof. Richard S. Mateer, Hd. 

Seniors: (M)—D. F. Capelli. (Total 1) 

LEHIGH UNIVERSITY, Bethlehem, Pa., Dept. 

of Mining Eng., Prof. R. T. Gallagher, Hd. 

Seniors: (M)—C. C. Brown, 8. J. Hubbard, 


mining industry. Most such depart- 
ments are not represented here. 
The list does, however, include 361 
seniors in the earth sciences from 22 
institutions more or less closely 
affiliated with mining or with AIME. 
Even though this listing is far from 
satisfactory, it seems desirable to 
include these 22 departments. How 
far this part of the list will be ex- 
panded in future years will depend 
in part on the suggestions and opin- 
ions expressed by readers. Please 
send any such comments to the 
chairman of the committee, Dr. 
John P. Nielsen, College of Engi- 
neering, New York University, New 
York 53, N. Y. 

Ceramic engineering, though us- 
ually considered a first cousin of 
chemical and metallurgical engi- 
neering, is included here because 
this journal is widely read by cer- 
amic engineers. 


R. L. Jacobs, F. J. MeCarthy, P. F. Zimmer. 
(Total 5) 


UNIVERSITY OF MINNESOTA, Minnesota, 
Minn., School of Mines and Metallurgy, Prof. 
Strathmore R. B. Cooke, Hd. Seniors: (M)— 
J. M. Bratt, J. E. Gay, J. W. Germundson, 
R. L. Havtala, R. J. Langer, D. H. Noble, 
D. L. Veith, W. J. Wagner. (Total 8) 
UNIVERSITY OF MISSOURI, Rolla, Mo., 
School of Mines and Metallurgy, Dept. of 
Min. Eng., Prof. George B. Clark, Ch. Sen- 
iors: (M)—-W. D. Auberry, J. F. Bangs, F. R. 
Dice, E. E. Hornsey, J. P. Kemper, A. R. 
Kieffer, 111, H. H. Kim, G. R. Kunchur, J. E. 
Linn, F. L. Ordway, 8S. W. Woods, G. R. 
Wyman, (Total 12) 

MICHIGAN COLLEGE OF MINING AND 
TECHNOLOGY, Houghton, Mich., Dept. of 
Min. Eng., Prof. Walfrid Been, Hd. Seniors: 
(M)—R. J. Beggs, B. J. Carlson, H. V. Green- 
wood, D. J. Hitchingham, R. E. Johnson, J. A. 
Keily, S. B. Kim, B. C. Koskiniemi, D. J. 

, R. L. Meore, R. H. Nesbitt, 


VerDeaux, J. J. Williams, R. J. Zgonc 

20) Dept. of Mineral Dressing, Prof 
Manderfield, Hd. Seniors: (B)—P. D. Cham- 
berlin, G. R. Guiliani, J. M. Gregory, P. 8. 
Hurd, R. H. Johnson, R. G. Kilumb, J. C. 
Nigro, T. N. Rushten, D. M. Thayer. (Total 9) 


UNIVERSITY OF NEVADA, Reno, Nev., 
Mackay School of Mines, Dept. of Min., Prof. 
John S. Winston, Ch. Seniors: (M)—L. L. 
Anderson, A. R. Bock, E. R. Bradley, J. B. 
Burleson, Jr., M. J. Crossett, M. E. Friberg, 
N. L. Larson, R. B. Morrill, 8. C. Summers, 
W. A. Swan, Jr. (B)—R. W. Adams. (Total 
11) 


NEW MEXICO INSTITUTE OF MINING 
AND TECHNOLOGY, Socorro, N. Mex., Prof. 
Alvin J. Thompson, Dir. Seniors: —M. L 
Andrews, R. J. Caine, L. Z. Clark, M 
Garcia, M. J. Garcia, D. O'Neill, G. E. Schep- 
coff. (Total 7) 


MONTANA SCHOOL OF MINES, Butte, 
Mont., Dept. of Min. Eng., Prof. W. A. Vine, 
Hd. Seniors: (M)—R. Banghart, M. Mahtab, 
J. Wallace, A. C. Walkup. ‘Total 4) Dept. of 
Met., Prof. C. W. Haynes, Hd. Seniers: ‘(B)— 
J. P. Dreyer, W. H. Painter, A. R. Rule, 
D. E. Sipperian, G. Zeising. (Total 5) 


THE PENNSYLVANIA STATE UNIVERSITY, 
University Park, Pa., College of Mineral In- 
dustries, Dept. of Mining, Prof. Howard L 
Hartman, Hd. Seniors: (M)—R. G. Brooks, 
R. B. Captor, C. Manula, J. G. Miles, A. W. 
Petzold, H. F. Wyncoop. (Total 6) Dept. of 
Mineral Prep., Prof. H. Beecher Charmbury, 
Hd. Seniors: (B)—S. Cohen, L. Manwaring, 
H. Papacharlambous. (Total 3) Dept. of Min- 
eral Economics, Prof. J. D. Ridge, Hd., and 
Asst. Dean. Seniors: (M.Ec.)——P. W. Cavener, 
J. J. Jablonski, A. E. Lees, W. J. Probst, Jr., 
M. R. Wingard, A. M. Evans. (Total 6) 


UNIVERSITY OF NORTH DAKOTA, Grand 
Forks, N. Dak., Dept. of Min. Eng., Prof 
A. W. Koth, Hd. Seniors: (M)—J. A. An- 
derson, J. D. Bohn, D. G. Borg, J. R. Duncan, 
D. W. Kana, L. Osen, W. G. Smith, D 
Torgerson, E. G. West, T. R. Winterer. ‘Total 
10) 


Abbreviations of curricula: 


Mining group: 
M Mining engineering 
P Mining engineering—pe- 
troleum option 
B Mineral beneficiation 
M Ec Mineral economics 


Geological group: 
G Geology 
G E Geological engineering 
Gp Geophysics 
GpE Geophysical engineering 
E G Engineering geology 
M G Mining geology 
P G Petroleum geology 


Ceramics group: 
C E Ceramic engineering 
C T Ceramic technology 


Names in boldface are AIME student 
members. 


UNIVERSITY OF PITTSBURGH, Pittsburgh, 
Pa., School of Mines, Dept. of Min. Eng., 
Prof. Edward A. Dines, Hd. Seniers: (M)— 
H. W. Gunia, J. Hadden, C. Hamilton, C. D. 
Hancsak, W. P. Hanley, C. Kormanick, A 
Leonard, F. Omer, A. Pisaneschi, M. K. 
Rodgers, L. Savisky, L. Tomaskevic, D. Wil- 
helm. (Total 13) 

SOUTH DAKOTA SCHOOL OF MINES, 
Rapid City, S. Dak., Dept. of Mining Eng 
Seniors: (M)—G. Bijerke, R. Ferguson, P. 
Gnirk, R. Halstead, H. Lundberg, Suharna. 
(Total 6) 

TEXAS WESTERN COLLEGE, EI Paso, 
Texas, Dept. of Min. and Met., Prof. J. D 
Rintelen, Jr., Ch. Seniors: (M)—W. T. Bart- 
lett, Jr., T. Chung, J. de la Fuente, O. C. 
Echevarria, Jr., C. Fulten, J. McDonald, Jr. 
(Total 6) 

VIRGINIA POLYTECHNIC INSTITUTE, 
Blacksburg, Va., Dept. of Mining Eng., Prof 
Charles T. Holland, Hd. Seniors: (M)—J. A. 
Brockwell, Jr.. O. B. Bucklen, C. L. Burgess, 
T. E. Ellers, J. J. Gembach, Jr., H. H. Lucas, 
W. G. Mays, P. P. Patsig, 8. H. Price. (Tetal 
9) 


UNIVERSITY OF WASHINGTON, Seattle, 
Wash., School of Minerals Engineering, Drury 
A. Pifer, Director, Mining Eng. Div. Seniors: 
(M)—G. G. Cunningham, M. T. Heath, J. L. 
Johnson, R. E. Rice, M. R. Sundstrom, T. W. 
Turk. ‘Total 6) 


WEST VIRGINIA UNIVERSITY, Morgan- 
town, W. Va., School of Mines., Dept. of 
Mining, Prof. G. R. Spindler, Dir. Seniors: 
(M)—L. E. Adkins, J. W. Connor, S. A. 
Kendall, J. V. Lundell, E. L. Murphy, Jr., 
D. R. M. Parekh. (Total 6) 


UNIVERSITY OF UTAH, Salt Lake City, 
Utah, College of Mines and Minera! Indus- 
tries, Dept. of Mining and Geol. Eng., Prof 
John E. Willson, Hd. Seniers: (M)—-D. R 
Peterson, R. L. Howard, A. Morrison, J. 
Knott. (Total 4) 


STATE COLLEGE OF WASHINGTON, Pull- 
man, Wash., Dept. of Mining, Prof. Donald 
L. Masson, Ch. Seniors: (M)—-M. Lembeck, 
D. Goodman, Col. U. N. Orr. (Total 3) 


UNIVERSITY OF WISCONSIN, Madison, Wis. 

College of Engineering, Dept. of Min. and 

Met., Prof. Philip C. Rosenthal, Ch. Seniors: 

(M)— (Feb. 1959 Grad.) R. A. Burten, R. W. 

Eysnogle, P. L. Thiel, R. E. Walker, ‘June, 

1959 Grad.) K. Anderson, D. Beiter, O. Goksu, 

R. Lengua, A. Mertdogan, J. F. Southcott, 

A. Sonmez, J. D. Walker, J. Webber. (Total 

13) 

Il. Geology (G), Geological Engineering 
(G.E.), Geophysics (Gp), Geophysical En- 
gineering (Gp.E.), Engineering Geology 
(E.G.), Mining Geology (M.G.), Petroleum 
Geology (P.G.) 


UNIVERSITY OF ALABAMA, University, 
Ala., Dept. of Geol. and Geography, Prof 
E. F. Richards, Hd. Seniers: (G).-W. Alex- 
ander, R. Busby, J. Crowell, J. Daily, J. D 
Denton, K. Exum, R. D. Franklin, A. F. Goel- 
ler, J. Lamberth, B. Lauderdale, W. McNutt, 
W. Marsalis, D. Moore, J. Posey, O. Y. Reece, 
W. Thigpen, P. Walker, D. White, J. W. 
Yeldell, (Total 19) 
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UNIVERSITY OF ALASKA, College, Alaska, 
School of Mines, Earl H. Beistline, Dean 
Seniors: (G.E.)—-L. Burbank, J. Gibbons, 
J. Reed, N. Rivard. ‘Total 4) 
UNIVERSITY OF ARIZONA, Tucson, Ariz., 
Dept. of Geol., Prof. F. W. Galbraith, Hd 
Seniors: (G.E.)\—-L. D. Agenbroad, H. O. 
Alvstad, J. C. Balla, B. Cuckalew, B. B. Car- 
roll, J. J. Eidel, M. Fugii, R. W. Housman, 
P. K. Knight, K. L. Lamb, R. F. Neider, J. F. 
Parker, A. P. Sagatalian, H. H. Shear, B. J. 
Thomas, T. L. Tucker, R. J. Wicks, R. L 
Wilhelm, D. A. Young. ‘Total 19) 
UNIVERSITY OF CALIFORNIA, Berkeley 4, 
Calif., Dept. of Mineral Tech., Prof. Joseph 
A. Pask, Ch. Seniors: ‘(G.E.)—R. P. Bell, 
V. D. Cutmore, D. H. Gray, R. M. Horton, 
R. F. Johnson, H. Klehn, Jr., R. M. Pride 
‘Total 7) 
COLORADO SCHOOL OF MINES, Golden, 
Colo., Dept. of Geol. Eng., Prof. L. W. LeRoy, 
Hd. Seniors: (E.G.) B. Baumer, Jr., J. M. 
Blackwell, A. E. Fernau, K. G. George, F. D 
Hotter, J. M. Langskov, L. R. Lea, D. L 
- itchett, C. E. Mendoza, B. W. Paulding, Jr., 
L. Perryman, L. D. Simpson, J. R. Swais- 
B. G. Walker. (P.G.)}—F. D. Bailly, L. O 
. M. R. Collings, T. K. Donnelly, 
Hildebrandt, H. B. Hinkle, 
E. Karig, R. N. Lamar, 
Melickian, R. E. Miller, 
W. A. Rehrig, J. D. Richards, 
Timur, C. A. Wieder. (M.G.)\—M. A. 
Chaffee, L. R. Faulkner, D. O. Gregg, G. S 
Keen, D. Kuru, L. K. Lepley, J. M. Link, 
D. E. Michels, W. D. Payne, C. H. Reiling, 
G. L. Steele. (Total 43) Dept. of Geophysical 
Engineering, Prof. John C. Hollister, Hd 
Seniors: (Gp.E.)}—-R. R. Anderson, R. H. An- 
gerer, J. R. Anzman, C. H. Cotterell, C. R. 
Craven, J. T. Donahue, P. O. Howell, R. D 
Koehler, R. R. Morgan, I. S. Myung, W. G 
Nolberg, B. Nourbehecht, J. L. Payne, R. L 
Rayno, C. O. Smith, W. H. Smith, S. J. Stark, 
R. T. Whittington, R. L. Young. ‘Total 19) 
DARTMOUTH COLLEGE, Hanover, N.H., 
Dept. of Geology. Seniors: ‘(G) R. Fin- 
lay, F. A. Fitch, R. E. Pendergast. ‘Total 3) 
UNIVERSITY OF IDAHO, Idaho, 
Dept. of Geology and Geography, E. F 
Cook, Hd. Seniors: 
Crosby, A. C. Croy, J. T 
Hall, F. P. Heinsohn, 
Landreth, F. E. Lewis, H. L. McEvers, R. W 
Nusbaum, L. M. Patterson, M. S. Smagh, 
R. C. Stoker, R. G. Walker. ‘G.E.) D 
Axtell, B. Bonnichsen, J. W. Garrity, 
Hahn, W. H. Johnson, T. E. Meunier, 
Nelson. (Total 22) 
THE UNIVERSITY OF KANSAS, 
Dept. of Geology, Prof 
Ch. Seniors: (G.E.)—L Adams, 
Cannon, C. E. Deal, C. V. Donahue, 
Harris, R. W. Heil, M. E. Helmers, 
Jackson, H. C. Jeffries, L. W. Kitlen, 
Meier, H. E. Miller, Jr.. W. S. Nichols, 
Poort, G. D. Thornton, G. M. Wesner, 
Conner, L. T. Krebs, L. A. McPeek, 
Payne. (G)—-R. H. Akers, R. H. Boston, 
Bowers, Norma Cornett, J. A. Craw- 
rd, F. Demirmen, P. A. Emery, G. K. Gar- 
A. N. Gardner, J. L. Haggard, B. P. Hall, 
‘A. Hart, R. L Hill, M. Hyland, L. A 
Johnson, W. E. Kobs, N. K. Leiter, G. E. 
McKain, K. O. Meaes, A. G. Murphy, J. L 
Petterson, Y. A. Quandil, W. A. Sladek, K. E 
Stewart, C. D. Sutton, F. Swartz, H. G 
Underhill. ‘Total 48) 
LEHIGH UNIVERSITY, Bethlehem, Pa 
of Mining Eng., Prof 
Seniors: (E.G.)}—G. 
‘(Total 2) 


LOUISIANA POLYTECHNIC’ INSTITUTE, 
Ruston, La., Dept. of Pet. and Geol. Eng., 
Melvin A. Nobles, Hd. Seniors: (G.E.) 
Brown, J. R. Brown, J. H. Feaster, 
. Rundell. ‘Total 4) 
MICHIGAN COLLEGE OF 
TECHNOLOGY, Houghton, Mich., Dept. of 
Geol. and Geol. Eng., Prof. A. K. Snelgrove, 
Hd. Seniors: (G.E.)}—T. R. Barr, E. M. Becker, 
B. M. Bertram, R. H. Castle, T. M. Corcoran, 
D. E. Cross, D. H. Garske, A. R. Ghaffar, 
C. E. Guy, F. J. Knight, J. W. Knoy, C. A. 
Kustra, R. F. Langill, R. A. Lloyd, D. R. 
Moody, R. J. Sigsby, K. L. Taylor. «(G) 
P. J. Aubry, R. C. Erickson, G. Fillion, 
L. Hawkins. (Gp.E.)—E. J. Davis. ‘Total 22) 
UNIVERSITY OF MINNESOTA, Minneapolis, 
Minn., School of Mines and Metallurgy, Prof. 
Strathmore R. B. Cooke, Hd. Seniors: (G.E.) 
H Grossdreutz, B. G. Grosz, W. E. 
J.™M. Pilling, D. F. Schneider. 
(Total 6) 
MISSOURI, Rolla, Mo., 
School of Mines and Metallurgy, Dept. of 
Min. Eng., Prof. George B. Clark, Ch. Sen- 
jors: (M.G.'—-A. A. Alvandian D. B. Bitzer, 
D. N. Crane, D. J. Hogan, Jr., J. T. Langstaff, 
D. R. McClure, W. J. Newby, W. D. Stein- 
mann, R. T. Stelloh, G. E. Stourton, K. A. 
Swanson, S. L. Vyas. ‘Total 12) 
MONTANA SCHOOL OF MINES, Butte, 
Mont., Dept. of Geol. Eng., Prof. F. N. Earl, 
Act. Hd. Seniors: (G.E.)—-J. P. Connell, D. R. 
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Corson, A. R. Kerr, A. A. Sawitke, P. H. 
Sweeney, A. E. Trimble, P. A. Van Alstine, 
D. D. Walker, R. P. Wylie. (Total 9) 
UNIVERSITY OF NEVADA, Reno, Nev., 
Mackay School of Mines, Dept. of Geology- 
Geography, Prof. E. Richard Larson, Ch. Sen- 
iors: (G) P. N. Cristensen, R. D. Combs, 
J. R. Crain, G. D. Forni, D. L. Fraser, M. F. 
Haban, B. R. Lee, W. F. Piper. (Total 8) 
THE CITY COLLEGE, New York, N.Y., Dept. 
of Geology, Prof. Kurt E. Lowe, Ch. Seniors: 
(G)—A. Borovskis, D. Botvinick, J. Char- 
now, N. Coch, B. W. Conroy, Jr., A. J. 
DePace, D. Dombroski, M. Felsher, P. Fenner, 
J. P. Ferrigno, A. Gaches, M. Gorycki, D. T 
Gray, G. Greenstein, I. Havryluk, R. H 
Herdman, M. Horowitz, E. Jung, H. Lewis, 
V. McQuade, I. Pelcyger, R. Pestrong, W. H. 
Quigley, T. Rooney, S. Sommer, W. Sproll, 
J. E. Sternin, 8. Stoller, F. Van der Leeden, 
M. D. Woods, Z. Yuval, R. Zemel. ‘Total 32) 
NORTH CAROLINA STATE COLLEGE, 
Raleigh, N.C., Dept. of Mineral Ind., Prof 
John M. Parker, III, Prof.-in-Charge, Geol. 
Eng. Seniors: (G.E.)}—F. M. Alley, Jr., G. D. 
Batts, J. H. Clippard, Jr., O. E. Dowd, Jr., 
C. H. Garrison, T. W. Goodman, B. L. Jones, 
J. L. M. LeGwin, J. E. Maddox, Jr., H. D. 
Meyer, P. R. Stewart. (Total 11) 
UNIVERSITY OF NORTH DAKOTA, Grand 
Forks, N. Dak., Dept. of Geol., Prof. W. M. 
Laird, Hd Seniors: (G.E.)—K. L. Erickson, 
G. M. Hofstad. ‘Total 2) 
UNIVERSITY OF OKLAHOMA, Norman, 
Okla., School of Geological Engineering, Prof. 
Carl A. Moore, Ch. Seniors: (G.E.)—B. Alex- 
ander, D. Anderson, M. Anderson, J. Black- 
burn, B. Cantwell, B. Carter, B. Combs, 
D. Coppedge, P. Drew, A. Dyer, B. Gilliland, 
D. Glenn, B. Gribble, R. Hamilton, H. Hast- 
ings, P. Holcomb, A. Johnson, C. Jones, 
R. Lane, L. Leach, G. Mancillas, J. Mason, 
P. McKeithan, J. Melcher, G. W. Miller, 
F. Mullen, T. K. Nelson, L. Newell, W. B. 
Nichols, H. T. Papahronis, G. Patton, T. T. 
Pope, J. C. Price, S. Rugeley, A. Shavitz, 
J. Slavick, D. Smith, L. Soter, J. Spalding, 
J. Tessari, J. Vandel, J. Wall, J. Ward, J. R. 
Webb, D. Whorton, J. Youngmeyer. ‘Total 46) 
PENNSYLVANIA STATE UNIVERSITY, Uni- 
versity Park, Pa., College of Mineral Indus- 
tries, Dept. of Geophysics and Geochemistry, 
Prof. Benjamin H. Howell, Hd. Seniors: (Gp) 
W. Andrak, F. N. App, W. R. England, 
P. Hayes, A. H. Jazwinski, E. A. Margerum, 
W. Mitronovus, C. W. Racer, G. A. Sellers, 
J. L. Shank, R. R. Stanley, W. S. Updegrove. 
‘Total 12) 


PRINCETON UNIVERSITY, Princeton, N.J., 
Dept. of Geol. Eng., Prof. J. C. Maxwell, Ch. 
Seniors: (G.E.)—O. D. Dickason, J. E. Hard- 
away, W. D. McCabe, R. L. Thurn, R. H. 
Torgersen, W. M. Waters. ‘Total 6) 

SAINT LOUIS UNIVERSITY, St. Louis, Mo., 
Institute of Technology, Dept. of Geology and 
Geological Eng., Prof. Victor T. Allen, Ch. 
Seniors: (Gp.E.)—G. L. Conway, P. A. Danna, 
M. L. Goodwin, N. J. Guinzy, W. J. Hannon, 
Jr., J. J. Hoffmann, L. E. Ortmann, M. H. 
Schilly, J. B. Schweninger, Jr., D. I. Se- 
bacher, G. J. Sheldon, T. A. Toschlog, G. T. 
Wilkinson, (G.E.)}—R. J. Wagner, D. J. Wen- 
zel. ‘Total 15) 

SOUTH DAKOTA SCHOOL OF MINES AND 
TECHNOLOGY, Rapid City, S. Dak., Dept. 
of Geol. Eng. Seniors: (G.E.)—D. Brown, 
F. Coulson, D. Dartt, P. Jones, E. Klingler, 
C. Malhotra, J. Miller, J. Papike, L. Stinnett, 
C. Strande, E. Tegland, B. Thomsen. ‘(Total 
12) 


STANFORD UNIVERSITY, Stanford, Calif., 
School of Mineral Sciences, Charles F. Park, 
Des an, Dept. of Geology, Prof. Ben M. 
Exec. Head. Seniors: ‘(G)—-T. M. Caddy, 
, P. M. Dougan, D. W. Duncan, D 
Gielow, "J. £. Harich, J. C. Hodges, W 
Hurst, R. N Ishikawa, Y. A. Javeri, E 
Jenkins, R. A. Nicolet, R. L. Norris, C. 
Petersen, K. L. Pierce, G. E. Sorensen, C 
Taylor, S. A. Taylor, M. M. Thacker, W 
Vaughey, J. R. Wilson, Dept. of Geophysics, 
Prof. Joshua L. Soske, Exec. Head. Seniors: 
‘Gp'—S. Breiner, F. B. Park, L. C. Wood. 
‘(Total 24) 


THE AGRICULTURAL AND MECHANICAL 
COLLEGE OF TEXAS, College Station, Tex 
Dept. of Geol. and Geophysics, Prof. S. A. 
Lynch, Hd. Seniors: (G)—J. L. Byrd, D. C. 
Cantrell, R. E. Conner, K. E. Davis, F. L. 
Hardimon, D. C. Holle, R. P. Marshall, Jr., 
H. L. Max, D. I. Miller, W. R. Morton, 
Oertling, E. B. Oldham, C. D. Pitzer, 
Roberson, J. W. Tarver, D. N. White, 
Wilkins, T. H. Wilson, J. Zebro, Jr. (G.E.)— 
M. B. Catledge, J. P. Costa, R. E. Dodson, 
S. C. Hausman, L. R. Jameson, A. E. Pinson, 
Jr., D. F. Porter, 5S. W. Poston, R. D. Stepp, 
L. C. Stipp, R. E. Viebag. ‘(Gp)—D. W. Car- 
ver, D. Gralka, E. D. Hail. ‘Total 33) 
UNIVERSITY OF UTAH, Salt Lake 
Utah, Dept. of Mining and Geol. Eng., Prof 
John E. Wilson, Head. Seniors: (G.E.)—B. F. 
Archer, Bagley, R. ). Knostman, 

W. Kunkel, Jr., S. Muniz, Jr., J. G. Rich- 
man, J. Xanthos. (Total 7) 
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POLYTECHNIC INSTITUTE, 
Dept. of Mining Eng., Dept. 
of Geological Sciences, Prof. B Cooper, 
Head. Seniors: (G.S.)—W. T. Biggert, B. J. 
Buckles, R. E. Deaton, D. L. Hudson, R. B. 
Jones, R. L. Leary, G. H. Lindsay, G. P. 
Maniates, Jr., G. F. Moulton, Jr., G. C. Pres- 
ley, J. F. Quinlan, Jr., E. K. Via. (Total 12) 
STATE COLLEGE OF WASHINGTON, Pull- 
man, Wash., Dept. of Geology, Prof. Charles 
D. Campbell, Ch. Seniors: (G)—R. E. Ander- 
son, H Bradshaw, 1. ul-Haq Dar, L. A. 
Jones, W. D. Kuenzi, R. K. Ledgerwood, C. D. 
Rau, C. E. Stearns, G. M. White. (Total 9) 
Ill. Ceramic Engineering (C.E.), Ceramic 
Technology (C.T.) 
UNIVERSITY OF ILLINOIS, Urbana, IIL. 
Dept. of Ceramic Eng., Prof. A. I. Andrews, 
Hd. Seniors: ‘(C.E.)—J. M. Bearden, C. W. 
Connors, R. G. Finkel, L. J. Gaffney, C. A. 
Hall, J. F. Krumwiede, E. F. Schaefer, D. G. 
Wirth, Jr., P. D. Zimmerman. (‘Total 9) 
IOWA STATE COLLEGE, Ames, Iowa, Dept. 
of Ceramic Eng., Prof. C. M. Dodd, Hd. 
Seniors: (C.E.)—R. R. Albers, G. P. Clapper, 
G. K. Fehr, D. N. Herd, C. E. Jacobs, D. D. 
Johnson, J. J. Thompson, J. A. Thompson, 
T. Vojnovich, J. F. Walter. (Total 10) 
UNIVERSITY OF KENTUCKY, Lexington, 
Ky., College of Arts and Sciences, Dept. of 
Geology, Prof. Arthur C. McFarlan, Hd. Sen- 
iors: (G)—R. M. Byrne, B. Cracraft, D. E. 
Eisenbarth, C. W. Fawns, D. C. Haney, W. L. 
Helton, R. W. Jackson, C. M. Jacobs, A. Kok- 
soy, B. R. Lawson, W. L. Lewis, H. H. Rieke, 
Ill, R. E. Schuster, K. A. Shubak, M. G. 
Stout, T. Werne. (Total 16) 
UNIVERSITY OF MISSOURI, School of 
Mines and Metallurgy, Rolla, Mo., Dept. of 
Ceramic Eng., Prof. T. J. Planje, Ch Seniors: 
‘C.E.)—P. R. Bittencourt, J. H. Miller, K. D 
Miller, J. F. Mitchell, C. J. Phillips, E. L. 
Rusert, M. R. Vancil, (Total 7) 
STATE UNIVERSITY OF NEW YORK, Col- 
lege of Ceramics at Alfred University, Alfred, 
N.Y., Dept. of Ceramic Eng., Prof. R. M. 
Campbell, Ch. Seniors: (C.E.) J. Angelo, 
Jr., O. S. Avery, Bailey, Jr., ‘ 
Berner, Jr., R. J. c. J. Bradt, 
H. W. Bubnack, Jr., Bucher, M. J. 
Buckley, D. H Chung, Barbara R. Cohrssen, 
R. C. Coleman, J. H. Connor, D. E. Corah, 
Cudworth, R. A. Daley, T. E. Dickson, 
R. K. Durnwirth, L. E 
B. D. 
L. D. 


VIRGINIA 
Blacksburg, Va., 


J.N 
R. C. Doty, 
C. W. Emmerich, J. A. Finlayson, Jr., 
Fisher, R. G. Fisher, D. H. Fleischer, 
Foster, J. D. Fredericks, H. I. Geller, 
Goldstein, A. S. Guernsey, J. K. Hall, E. B. 
Hausler, P. A. Holway, D. B. Jacobs, E. T. 
Kast, J. B. Kelly, G. T. Lewis, D. H. Lower, 
F. K. Luhrs, R. F. McKinley, . MeMurtry, 
D. R. Messier, R. E. Mistler, S. M. Morris, 
H. L. Miller, R. W. Ohnsorg, S. R. Pavlica, 
R. L. Pearl, K. D. Philbrick, L. D. Pye, B. R. 
Rossing, C. F. Schulitz, D. R. Secrist, M. J. 
Selsley, C. R. Sonne, D. E. Stanley, F. W. 
Stanton, Jr., A. B Sutton, A. R. Teter, H. L. 
Turk, D. J. Ulmer, D. Waksman, H. W. 
Waufle, A. Waugh, H. W. Whiting, C. E. 
Wickwire, L. P. Wiedeman, Jr., D. C. Wilk- 
low, R. W. Woodruff. (Total 69) 
NORTH CAROLINA STATE COLLEGE, 
Raleigh, N.C., Dept. of Mineral Industries, 
Cer. Eng. Div. Prof. W. W. Kriegel, Prof.-in- 
Charge. Seniors: (C.E.)—R. B. Arthur, R. M. 
Dixon, C. E. Herman, J. L. Huntley, R. H. 
Redwine. (Total 5) 
THE PENNSYLVANIA STATE UNIVERSITY, 
University Park, Pa., College of Mineral In- 
dustries, Dept. of Ceramics Tech., Prof. G. W. 
Brindley, Hd. Seniors: (C.T.)—R. Bratton, 
L. Cook, D. Copeland, R. Kowalczyk, J. Li- 
berto, G. Rees, W. Sekeras, D. Veater. ‘Total 
8) 
VIRGINIA POLYTECHNIC INSTITUTE, 
Blacksburg, Va., Dept. of Ceramic Eng., Prof 
P. S. Dear, Head. Seniors: (C.E.)—J. W 
Neidhardt, D. A. Russell, F. W. Urbanowski, 
S. H. Warren, L. E. Whitehead. (Total 5) 
THE UNIVERSITY OF TEXAS, Austin, Tex., 
Dept. of Ceramic Eng., Prof. E. J. Weiss, Ch. 
Seniors: (C.E.)—S. A. Bynum, D. T. Low- 
rance, E. H. Giddings, R. H. Adams, J. M. 
Robbins, R. E. Jones. (Total 6) 
TEXAS WESTERN COLLEGE, E! Paso, Tex. 
Dept. of Min. and Met. Prof. J. C. Rintelen, 
Jr.. Ch. Seniors: (G.E.;\—W. A. Albrecht, 
B. A. Black, D. S. Burkett, J. C. Ezzell, 
Cc. W. Gardner, J. G. Hanson, R. H. Hol- 
combe, R. A. Hughes, G. M. Johnson, T. 
Lapko, Jr., C. D. Lundquist, E. B. Masch, 
C. Matthews, F. G. Mauldin, Jr., D. R. Pat- 
terson, W. A. Stanton, J. P. Stayes, W. D. 
Stricklin. ‘Total 18) 
UNIVERSITY OF WASHINGTON, Seattle, 
Wash., School of Mineral Engineering, 
Drury A. Pifer, Director, Ceramic Eng. Div., 
Prof. J. I. Mueller, in Charge. Seniors: (C.E.) 
D. Auda, J. J. Avril, J. J. Cox, L. B. Dal- 
zell, J. R. Harris, L. D. Johnson, P. P 
Davadas, J. F. Knestis, D. J. Larin, J. F. 
McAnulty, T. P. Nau, Patricia L. Purcell, 
R. Ruckman, A. S. Savant, R. R. Shaw, 
M. H. Specker, J. L. Trumbull, W. S. Wade, 
Jr., F. E. Wagstaff. ‘Total 19) 
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REAGENT NEWS 


“ore-dressing ideas you can use” 


Five facts to remember 


when buying Cyanide 


AERO® Brand Cyanide has been made, delivered and 
used for 40 years. Through two World Wars and countless 
local upheavals, no Cyanamid customer has ever had to 
curtail or shut down his mill operations for lack of 
AERO Brand Cyanide. 


On the basis of NaCN equivalent, the metallurgical effi- 
ciency of AERO Brand Cyanide equals or exceeds that of 
any other grade of cyanide. 


AERO Brand Cyanide has an inherent protective alkali 


content which usually reduces lime requirements, 

CYANAMID OF CANADA LIMITED 

y oa AERO Brand Cyanide is clean, easy to handle and has 

CYANAMID DE MEXICO, S.A. been used for years with perfect satisfaction by small and 
Apartado Postal 283 


Mezice 1, Mexico large mills alike. 


CYAMAMID OF GREAT BRITAIN LTD. 
Bush House, Aldwych, London W.C. 2, England 


SOUTH AFRICAN CYANAMID (PTY.) LTD. 
P.O. 7552, 


Our Field Engineers are always available to assist on 
metallurgical problems. They bring you the combined 


E. P. CADWELL : experience of a mature world-wide technical staff and 
Casilla 4393, Belen 1048, 
Beam pee the research resources of Cyanamid’s Mineral Dressing 


CYANAMID AUSTRALIA PTY. LTD. Laboratory. 
577 Little Collins Street 
Melbourne, Australia ; 
Our nearest office will be pleased to quote on your re- 


quirements for Cyanide and other reagents. 


AMERICAN CYANAMID COMPANY 


EXPLOSIVES AND MINING CHEMICALS DEPARTMENT 
CYANAMID INTERNATIONAL — Mining Chemica/s Department 
Cable Address:—Cyanamid, New York 


30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 


. 
| 
ohanne th A a 
Cyenidation Process Chemicals 
Flotation Reagents 
Floceulating Agents 
Film Forming Agents 
Surface Active Agents 
Permissibles 
Sersmograph Explosives 
Blasting Agents i 
Blasting Powder 
Blasting Caps 
Electric Blasting Caps 
Blasting Accemories 
| 


MORE COMBINATIONS 


FOR MORE STOPING SITUATIONS 


3 hard-hitting models 
2 roof-pinning stopers 


A combination of feeds, 
chucks and controls to 
match every stoping problem 


Take your choice of three powerful Gardner-Denver 
stopers: the versatile, lightweight Model R68; the rugged, 
mediumweight Model RB94; or the heavy-duty Model 
RB104. 


All three are outstanding in their class for high perform- 
ance and low maintenance. 


They're easier to handle . . . have balanced weight dis- 
tribution. You may choose the feed control most suitable 
to your operation. 


For roof bolting, specify a Gardner-Denver RB94 or 
RB104 roof-pinning stoper. They handle all operations 
quickly and efficiently —drilling hole, driving stud, tighten- 
ing nut. 


Choose the right stoper combination for your work 


Model R68 RB94 RB104 
Hammer diameter 2%” 2%” 3%” 
Direct feed (steel) x x 
Direct feed (aluminum) x x 
Telescopic, direct feed (aluminum) ee a 
Collared chuck __ 
Tappet chuck x x x 
Push-button control x x x 7 
Rotary control x x a 
Stop rotation control x x 
Roof-pinning adaptations 

SETTING THE PACE 
\ You'll find proof of our 100-year 
philosophy of growth—there’s no sub- 


stitute for men—in the Gardner- 
a) Denver stoper line. In 1906 Gardner- 
A Denver men developed the first pneu- 
‘ 9 b matic up-hole drill—and ever since 
4 Gardner-Denver stopers have kept 
. 


pace with mining needs. 


wy Gardner-Denver roof-pinning stoper 


EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


GARDNER - DENVER 


Gardner-Denver Company, Quincy, Illinois 
Export Division: 233 Broadway, New York 7, New York 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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MINING 
engineering 


BUILDING---A PROGRESS REPORT 


The following remarks have been addressed to all members of 
the engineering societies cooperating in the new United Engineer- 
ing Center. The message is from Mervin J. Kelly, General Chairman 
of the Industrial Building Fund Committee for the Center. 


e New Center—We are in the midst of the campaign for funds for 
the construction of the new Engineering Center—the headquarters 
of ten Societies. If the Societies are to meet their obligations of 
today and the challenges of tomorrow, the new Center must be 
provided. 

The threat that now faces our society and, in fact, all free peo- 
ples is the tragedy of our times. Russia’s often stated purpose of 
communizing the world with the utilization of her rapidly in- 
creasing military and economic strengths to attain this goal is the 
threat we face. It can only be countered by equal or greater 
strengths in our nation and the associated free societies. These 
strengths are determined by the scientific and technologic develop- 
ment of our nation and associates. 

To counter this threat, our nation’s scientific and technologic ca- 
pacities must be developed to the highest possible level, only limited 
by the inherent capacities of our people. The Societies make large 
contributions to the nation’s technologic strength through the many 
services they render to engineers. They provide a _ professional 
framework for engineers. They provide publications, meetings, and 
forums for presenting information on technologic progress. They aid 
in the development of young engineers through establishing stand- 
ards for engineering education, through student branch activities, 
and through the impact of their publications on engineering curricula. 

The present Center—now more than 50 years old—is wholly in- 
adequate; it is limiting the effectiveness of the Societies. The new 
Center is essential. Its location across from the United Nations is an 
ideal setting, typifying the Societies’ national and international im- 
portance. The building, while strictly functional, has an impressive 
dignity and a necessary large size that give striking evidence of the 
magnitude of the Societies’ activities. 


e Campaign Progress—In late 1957, based on an estimated cost of 
$10 million for building and land, a quota of $5 million was estab- 
lished for the nation’s industries and $3 million for members of the 
Societies. The value of present building and site was appraised at 
$2 million. Industry’s campaign began under my leadership in No- 
vember 1957. The membership campaign began some six months 
later. At mid-February some $4 million had been subscribed by 
industry and $2 million by members of the Societies. Splendid 
progress has been made. 

We must not only meet our goals of $5 and $3 million, respec- 
tively, we must exceed them. Building costs have advanced since 
the 1957 estimate and the site cost was greater than anticipated. 
There is adequate potential both from industry and from the Soci- 
eties’ membership for our going well beyond the goals—adequate to 
cover complete cost of building and site. 

The industry solicitors are proceeding with renewed zeal in their 
solicitation of all industry that employs engineers who are members 
of the Societies. As a clean-up, beginning in June of this year, I 
shall personally resolicit the chief executive of each company that 
has not subscribed—those whose companies have a gift potential of 
$5000 or more. 

In the membership campaign, 40,000 members have subscribed $2 
million. Certainly it is not too much to anticipate another $2 million 
from the remaining 140,000 members. 

I consider it an opportunity, a duty and a solemn obligation for 
each member of the Societies to participate in funding the new 
Center. Let us strive for a 100 pct participation! 
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NEW KIND 


design offers uni 


Diamond Core Drill Manufacturers ¢ Core Drilling Contractors 
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DIAMOND 


combination core drilling advantages 


The new Circle-Set bit—developed by 
Longyear—is designed with diamonds set 
in concentric ridges. These rings cut V- 
shaped grooves in the rock. Pressure of the 


from 
Longyear 


diamonds against the sides of these grooves 
breaks away substantially larger cuttings 
than conventional bits would make in the 
same rock. The design is patented. 


Here are the proven advantages of the Circle-Set bit design 


1. FASTER PENETRATION—The Circle-Set de- 
sign produces relatively large cuttings and 
provides for rapid removal of cuttings from 
the bit face. 


2. LONGER BIT LIFE— Less bit pressure is needed 
for good penetration because the Circle-Set 
design makes it unnecessary to cut the rock 
into extremely fine particles. Diamonds are 
oriented in a hard vector direction, giving more 
cutting per unit of diamond wear. 


3. LOW FIRST COST—Fewer diamonds are 
needed for good cutting action because the 
design makes large cuttings break away easily 
from the sides of the grooves. 


4. LOW COST PER FOOT—Faster penetration, 
good footage and lower carat weight combine 
to reduce drilling costs substantially. 


5. HIGH BIT SALVAGE VALUE— Diamond losses 
are lower since the diamonds are oriented in 
ahard vector direction and supported by metal 
in the ridges. 


6. GREATER STABILITY—Core barrel and drill 
string vibration is often noticeably reduced 
since concentric rings on the face ride inside 
the grooves cut in the rock. 


e Mining Engineering and Geological Consultants 


THE WORLD 


7. IMPROVED CORE RECOVERY — Core recovery 
is improved in many formations because this 
stability and the sharp I.D. corners help cut 
the core cleanly away from the rock. 


8. REDUCED NEED FOR HIGH BIT INVENTORIES — 
The Circle-Set bit’s one basic design does well 
in many drilling conditions. 


9. POPULAR SIZES AND TYPES ARE AVAILABLE 
FROM STOCK. 


Because Circle-Set bits can reduce costs 
while other drilling expenses continue to in- 
crease, they are destined to become impor- 
tant in many diamond drilling operations. 


For complete information and prices of 
Circle-Set bits, write: 


E. J. LONGYEAR COMPANY 


76 South 8th Street © Minneapolis 2, Minnesota 
CANADIAN LONGYEAR, LTD., NORTH BAY, ONTARIO 

LONGYEAR, N.V., THE HAGUE, HOLLAND 
LONGYEAR ET CIE., PARIS, FRANCE 


1S OUR WORKSHOP 


APRIL 1959, MINING ENGINEERING—391 


YOU AND SME MEMBERSHIP 


Starting on the facing-page is a 12-page section giving a 
picture of SME and its component parts and what they mean 
to prospective members. 


This section was included in MininG ENGINEERING for two 
reasons; Obviously the letter on the facing-page is not in- 
tended for you if you are already an SME member, but 
rather for you to use as one of SME’s 12,000-man member- 
ship committee. 


The second reason for including this section in the maga- 


zine was that as it was put together we realized that almost 
all of the material would be of interest to members who are 
given an overall picture of the Society far too infrequently. 


This section will be reprinted and available for use as part 
of SME’s 1959 membership campaign. We know the mem- 
bership campaign has your moral support—but if SME is to 
grow stronger we need the efforts of every member on a 
man-to-man basis. 
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A MESSAGE 
FROM THE 1959 
SME PRESIDENT 


J.W.WOOMER & ASSOCIATES 


MINING ENGINEERS AND GEOLOGISTS 


CONSULTANTS 
DESIGNS AND REPORTS 


J.W.WoomeR OLIVER BUILDING + MELLON SQUARE 


T Boro 
PITTSBURGH 22, PENNSYLVANIA 


Dear Fellow Engineer: 


The following pages have been prepared to show how the Society of Mining 
Engineers of AIME is organized, how it can serve you, and how you can serve 
your profession through SME. 


As a member of a professional society you will have an opportunity to meet 
and exchange ideas and problems with your fellow engineers. SME is an organ- 
ization of individual members set up for this purpose. 


By joining with your fellow engineers in mutual activities and exchange of 
knowledge you enhance the standards of your profession by advancing mineral 
industry technology. 


Each member gives freely of time and abilities. Your membership is important 
to you and to the profession you have chosen. Both you and the profession grow 


in stature as you serve. 


I am inviting you to participate in reaching our common goal. 


Yours sincerely, 


J. W. Woomer 
President 
Society of Mining Engineers of AIME 


WHAT IS SME 


The Society of Mining Engineers 
(SME) is a constituent Society of 
the American Institute of Mining, 
Metallurgical, and Petroleum Engi- 
neers (AIME). Mining engineers are 
the oldest (professional group) and, 
until now, it has been the largest of 
the three Societies of AIME, (the 
others are The Metallurgical So- 
ciety and the Society of Petroleum 
Engineers). 

As the result of a meeting in 
Wilkes-Barre, Pa., in April 1871, the 
American Institute of Mining Engi- 
neers, as it was then called, was 
founded. Objectives of this first 
meeting were “First, the more eco- 
nomical production of the useful 
minerals and metals. Second, the 
greater safety and welfare of those 
employed in these industries.” 

Today the purpose of AIME re- 
mains much the same: “To promote 
the arts and sciences connected with 
the economic production of the use- 
ful minerals and metals, and the 
welfare of those employed in these 


industries by all lawful means, to 
hold meetings for social intercourse 
and the reading and discussion of 
professional papers, and to circu- 
late by means of publications among 
its members the information thus 
obtained, and to establish and main- 
tain a place for meeting of its mem- 
bers, and a hall for the reading of 
papers and delivery of addresses, 
and a library of books relating to 
subjects cognate to the sciences and 
arts of mining and metallurgy.” 
That original meeting in April 
1871 was attended by a group of 21 
men and when formal membership 
rolls were introduced 71 names were 
listed. From that preliminary mem- 
bership list, the Institute, in 88 years, 
has grown in size to over 34,000 
members, including students. 
Although both Mining and Metal- 
lurgy were terms used in the or- 
ganizational call and other an- 
nouncements the word “Metallur- 
gical” was not included in the In- 
stitute name until 1919. In 1956 the 
word Petroleum was added, giving 
full titular recognition to the three 
full-fledged branches of the min- 
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erals industry—Mining, Metallurgy 
and Petroleum. 

Perhaps the most concrete testa- 
ment to AIME achievements is the 
Transactions—Volumes of technical 
literature published. No. 1 is dated 
1871. Of particular interest to min- 
ers is volume 211 published in 1959. 

Prior to 1956 three groups with- 
in AIME were branches of the In- 
stitute under the direction of the 
Board of Directors of AIME. In 1956 
when the three branches became 
constituent Societies of AIME each 
was organized with its own Presi- 
dent and Board of Directors. Deci- 
sions which relate to all three re- 
main in the hands of the AIME 
Board. The Society of Mining Engi- 
neers prior to 1956 was known as the 
Mining Branch of AIME. Under the 
reorganization plan of the Institute, 
the Society came into being at New 
Orleans in February. Today over 
13,000 names are listed on the 
membership rolls of the Society. To 
learn more about SME, the men 
who run it, how it operates, and 
what it offers its members, read the 
following eleven pages. 


= 
= 
ty 


President 


S. D. MICHAELSON 


A. B. CUMMINS 


the Society in 1958, received his 
B.S. in mining engineering from Le- 
high University in 1934. He began 
his formal mining career as field 
engineer for Bethlehem Steel Co. 
Later he worked for Allis-Chalmers 
Mfg. Co. in their mineral research 
laboratories, and as metallurgical 
and field engineer. After World War 
II he rejoined the firm. He also was 
chief engineer for Tennessee Coal & 
Iron Div. of U. S. Steel and later 
joined Kennecott Copper Corp. as 
chief engineer of the Western Mining 
Divs. 


Arthur B. Cummins is the manager, 
Central Chemical and Physical Re- 
search Dept. of the Johns-Manville 
Research Center, Manville, N. J. 
Born in 1895 in Los Angeles, Dr. 
Cummins graduated from the Uni- 
versity of Chicago in 1920 with a 
B.S. and earned his doctorate at 
the University of California in 1920. 
He joined the Celite Co. (now part of 
Johns-Manville) and became a de- 
velopment engineer, research engi- 
neer, manager of Celite research, 
manager of basic research and fin- 
ally in 1956 manager of the depart- 
ment he now heads. He is SME Pres- 
ident-Elect. 


James Donald Forrester is Western 
Regional Vice President and was 
chosen in 1957 to serve a three-year 
term to expire in 1960. He is dean 
of the College of Mines, University 
of Arizona, and director of the Ari- 
zona Bureau of Mines. Dr. Forrester 


Other Officers and Regiona! Vice Presidents 


Stanley D. Michaelson, President of 


394—MINING ENGINEERING, APRIL 1959 


J. W. Woomer was installed as Pres- 
ident of the Society for 1959 at the 
Annual Meeting in San Francisco. 
Well known in mining and coal 
circles, Mr. Woomer is head of his 
own consulting firm, J. W. Woomer 
& Assoc. 

A native of Philipsburg, Pa., he 
received a B.S. from Pennsylvania 
State University in 1925 and an E.M. 
in 1931. During his summer vaca- 
tions he worked in the central 
Pennsylvania coal fields and later 
in Maryland. Mr. Woomer’s earliest 
professional association was with 
the Pittsburgh Coal Co. and he was 
later active in the Ohio fields during 
a period with Hanna Coal Co. He 
formed his consulting firm in 1940. 

Mr. Woomer’s activities have 
taken him to almost all states in the 


J. D. FORRESTER c. E. LAWALL 
was born in Salt Lake City in 1906 
and attended the University of Utah, 
graduating in 1928 with a B.S. in 
geological engineering. He later re- 
ceived the professional degree of 
geological engineer from the Uni- 
versity. Dr. Forrester continued his 
education at Cornell University for 
advanced degrees in geology. 


Charles E. Lawall is Eastern Re- 
gional Vice President and is serv- 
ing a three-year term until 1961. He 
is vice president of the Chesapeake 
& Ohio Railway Co. A graduate of 
Lehigh University with E.M., MS., 
and honorary LL.D degrees, he was 
born in Catasauqua, Pa., in 1891. 
In 1938 he was made acting president 
of West Virginia University. Almost 
immediately he became president of 
the University, a position he held 
until 1945 when he became engineer 
of coal properties for the Chesa- 
peake & Ohio Railway Co. 


Vice President, Central Regional 
Area, is Donald W. Scott, general 
manager of Continental Sales & 
Equipment Co. A native of Minne- 
sota, he received an E.M. degree 
from the University of Minnesota 
and a master’s degree in metallurgi- 
cal engineering from the University 
of Alabama. His career started in 
1937 at Bingham Canyon, Utah, and 
he did research work on industrial 
minerals at the Southern Experi- 
ment Station of the U.S. Bureau of 
Mines at Tuscaloosa, Ala. He also 
spent 12 years at the Battelle Mem- 
orial Inst. directing research. 


U.S.; to Canada; many countries :n 
South America and Europe; and to 
China, India, and Australia in the 
Far East. His professional work has 
been concerned with coal, lignite, 
clays, potash, copper, uranium iron, 
oil, sands, and shales. 

An active member of the SME 
Coal Division, Mr. Woomer had 
been serving as Chairman-Elect, tak- 
ing office as Chairman of the Divi- 
sion in 1958. In addition to his AIME 
association, Mr. Woomer is a direc- 
tor of the Engineering Soc. of West- 
ern Pennsylvania and a member of 
Tau Beta Pi, honorary engineering 
society; Sigma Gamma _ Epsilon, 
mining society; and the Explorers 
Club of New York City; Pittsburgh 
Athletic Assn; and the University 
Club. 


D. W. SCOTT R. B. LADOO 
Raymond B. Ladoo is Society Treas- 
urer as well as Director. A well 
known consultant in the industrial 
minerals field, he is a native of Ayer, 
Mass., and maintains his headquart- 
ers in Newton near Boston. A grad- 
uate of Harvard University with an 
A.B. degree and one in mining engi- 
neering, he began his professional 
career with two Virginia companies, 
Low Moor Iron Co. and John B. 
Guernsey & Co. Inc. His varied ac- 
tivities in the field particularly 
qualify Mr. Ladoo for his present 
consulting position. 


SECRETARY 


John C. Fox 
29 W. 39th St. 
New York 18, N. Y. 


John C. Fox, SME Secretary, gradu- 
ated from Columbia University 
School of Mines and held a variety of 
jobs in the mineral industry rang- 
ing from mine laborer to assistant 
manager of the mining division of a 
large mining company. He also spent 
four years teaching at Columbia 
and has had extensive editorial ex- 
perience through work for Canadian 
Mining Journal, American Metal 
Market, Engineering and Mining 
Journal, and as editor of Mining 
Congress Journal for five years. He 
has traveled extensively in his min- 
ing positions in the U.S., Canada, 
and Latin America. 


WHO RUNS SME? 

f 


THE SME 
DIRECTORS 


WwW. W. SIMMONS 


W. W. Simmons is chief geologist 
for Miami Copper Co., Miami, Ariz. 
A native of Birmingham, he grad- 
uated from Birmingham-Southern 
College with a B.S. in 1933. Before 
entering the University of Arizona 
where he earned an M.S. in 1938, Mr. 
Simmons worked as an assayer for 
Hog Mountain Gold Mining and 
Milling Co., and as a rodman for 
the USGS. In 1938 he joined Ten- 
nessee Copper Co., and in 1953 he 
went to Miami Copper. 


Carl T. Hayden is vice president and 
general manager of Sahara Coal Co. 
Inc., Chicago. Born in Platteville, 
Wisc. in 1893, he graduated from 
Wisconsin School of Mines. His ear- 
ly professional experience was 
gained in the nonferrous industry, 
particularly zinc, during his ser- 
vice with Wisconsin Zinc Co. In 1920 
he joined Madison Coal Corp. as 
division engineer and his career in 
coal has spanned more than 35 years. 


Norman L. Weiss is milling engineer 
for American Smelting and Refining 
Co., Salt Lake City. A graduate of 
Massachusetts Institute of Tech- 
nology with a B.S. and engineer of 
mines in 1923, Mr. Weiss was born 
in Boston in 1902. He did graduate 
work and research on heavy media 
cleaning at Pennsylvania State Col- 
lege. Mr. Weiss began his years with 
Asarco in 1924 in El Paso, Texas, 
where his work as a metallurgist 
dealt with ore dressing problems on 
various Mexican ores. 


H. C. Weed, a native of Michigan, 
graduated from Michigan College of 
Mines. After a short stint as effici- 
ency engineer and miner for Calu- 
met & Hecla Mining Co., he joined 
United Verde Copper Co. in Jerome 
Ariz. Since 1937 he has been associ- 
ated with Inspiration Consolidated 
Copper Co. in Inspiration, Ariz., be- 
ginning as shift boss, and eventually 
becoming assistant general manager. 


Robert M. Grogan is associated with 
the Development Dept. of E. I. du 
Pont de Nemours & Co., Wilming- 


J. G. BROUGHTON 


Cc. T. HAYDEN N. L. WEISS 


ton, Del. Mr. Grogan represents 
IndMD on the SME Board. A native 
of Mendota, IIl., he received a B.S. 
from the University of Chicago, at- 
tended the University of Illinois, 
and earned M.A. and Ph.D. degrees 
at the University of Minnesota. Mr. 
Grogan was associated with the In- 
dustrial Minerals Div., Illinois State 
Geological Survey at Urbana. He 
joined Du Pont as a geologist in 1951. 


John G. Broughton is state geolo- 
gist, Geological Survey of New York, 
Albany. Born in 1914 in Rome, N -Y., 
Dr. Broughton received A.B. and 
M.S. degrees from the University of 
Rochester, and a Ph.D. from Johns 
Hopkins University in 1940. For 
three years he worked for the US. 
Geological Survey, mapping in gold, 
base metal, tungsten, and cobalt 
mining districts in the west. He has 
been an instructor at Syracuse Uni- 
versity and assistant state geologist 
as well as acting state geologist. 


James C. Gray was born in Elco, 
Pa., in 1904 and graduated from 
Pennsylvania State University in 
1925 with a B.S. in mining engineer- 
ing. He worked for Hudson Coal Co. 
for 12 years and in 1937 became 
superintendent of the Wylam Mine 
for U. S. Steel Corp. He became in 
1950 manager of the Tennessee Coal 
& Iron Div.’s manufacturing opera- 
tions. Made vice president, coal di- 
vision of U. S. Steel, Pittsburgh, in 
1954, Mr. Gray became, in 1958, ad- 
ministrative vice president, raw 
materials. 


William B. Stephenson is mechanical 
engineer for the Allen-Sherman- 
Hoff Pump Co., Wynnewood, Pa. Mr. 
Stephenson received a B.S. in me- 
chanical engineering from Pennsy]l- 
vania State University in 1933. He 
started his career as sales engineer 
for Cities Service Co., Pittsburgh, 
and after four years joined Jerguson 
Gage and Valve Co., Boston. He 
became associated with his present 
company in 1938 and was elected 
vice president in 1951. 


W. B. STEPHENSON 


H. C. WEED R. M. GROGAN 


Ewald Kipp, who was born in 1899, 
graduated from the Texas College of 
Mines and Metallurgy (Texas West- 
ern) in 1922 and began woin as a 
laborer, matte tapper, and slag skim- 
mer for the El Paso Smelting Works, 
a subsidiary of American Smelting 
and Refining Co. He spent three 
years as shift boss in Mexico for 
the Cananea Consolidated Copper 
Co. In 1936 he worked for the Sulli- 
van Machinery Co. and after nine 
years he joined his present employer, 
the Eimco Corp. in Salt Lake City. 


Sherwin F. Kelly studied at the 
University of Kansas, the University 
of Toronto, the Sorbonne, and Ecole 
des Mines in Paris. He was a pioneer 
in the introduction of geophysical 
techniques in the U.S. and Canada 
in 1921, in association with the 
Schlumberger firm of Paris, with 
which he was connected for several 
years. He is president of two geo- 
physical exploration companies, 
Sherwin F. Kelly Geophysical Ser- 
vices Inc., Amawalk, N.Y., and 
Geophysical Explorations Ltd. of 
Toronto. 


Brower Dellinger is assistant man- 
ager of the Tahawus operation, Ti- 
tanium Div., National Lead Co. Inc. 
A graduate of Stanford Univer- 
sity with a degree in mining in 1936, 
he began his career with Newmont 
Mining Co. in Grass Valley, Calif. 
After the war he returned as general 
superintendent, then becoming as- 
sistant manager of all Newmont's 
gold properties. He joined National 
Lead in 1954 as superintendent of 
exploration for the Mining Div 


Albert E. Weissenborn was born in 
Trinidad, British West Indies, and 
graduated from Lehigh University 
in 1925 with an E.M. degree. He 
worked for ten months as a miner 
for Phelps Dodge Corp. in Bisbee, 
Ariz., at the start of his career, then 
worked in Mexico, Panama, -Chile, 
and Newfoundland in various posi- 
tions. In recent years he has been 
with the U. S. Geological Survey in 
Spokane. 


S. F. KELLY A. E. WEISSENBORN 
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The Society in AIME 

The Society of Mining Engineers 
(SME) is one of three constituent 
Societies of AIME dedicated to car- 
rying out the aims of the Institute 
in the field of activity relating to the 
Society. The Institute as a whole, 
and each of the Societies, is built on 
a broad foundation of active local 
sections. 


The Society Itself 


The Society of Mining Engineers is 
divided into four divisions, all oper- 
ating under the direction of the 
Officers and Board of Directors. 
SME is dedicated to the mutual ex- 
change of knowledge and ideas lead- 
ing to a higher technical and profes- 
sional standing for its members. 
One of the principal ways in which 
this is done is through cooperation 
in an All-AIME Meeting as well as 
sponsorship of local section, regional 
and divisional meetings throughout 
the year. For example, there is a 
joint spring meeting with one of the 
AIME local sections which is de- 
voted to topics of interest to those 
in the local industry. There are, from 
time to time, meetings of interest 
to those engaged in minerals benefi- 
ciation and industrial minerals. The 
mining and exploration group within 
the Society cooperates alone or 
jointly with other divisions in local 
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LOCAL SECTIONS 


section, state association, or univer- 
sity meetings and regional meetings 
of the Institute. 


SME Committees 

The committees of SME coordinate 
the efforts of the divisions to pro- 
duce the greatest amount of service 
to members of the Society. As can 
be seen in the organization chart 
above, there are committees devoted 
to maintaining and enhancing the 
quality of the Society publications, 
its programming, and its participa- 
tion in such activities as education 
and economic information. 


Local Sections 

The local sections of AIME are the 
focal points of professionalism and 
the foundations upon which are 
built the activities of each of the 
Societies and the Institute as a 
whole. Participation in the affairs 
of these local sections promotes 
personal contacts and down-to-earth 
discussions of common _ problems, 
aims, methods and achievements. 
The face-to-face exchanges of in- 
formation and ideas promote a 
climate of mutual endeavor on a 
personal level. This type of ex- 
change is an essential ingredient of 
professionalism and growth of the 
individual. The starting point for 
such achievement is attendance at 
the local section meetings. 
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Divisions 

In order that SME perform its 
functions to the fullest extent as a 
professional Society, based on in- 
dividualism, it is divided into four 
divisions to truly represent the 
technical interests of its members. 
The Mining & Exploration Division 
includes members interested in 
underground and open pit metal 
mining, geology, geophysics, and 
geochemistry. 

The Coal Division includes all 
members interested in the finding, 
mining, cleaning, and utilization of 
bituminous coal and anthracite. 

The Minerals Beneficiation Divi- 
sion deals with the problems of 
making marketable products out of 
run-of-mine ore. 

The Industrial Minerals Division 
is devoted to the industrial minerals 
field and functions through nine 
commodity committees. 

There is some degree of overlap- 
ping of interests among the divisions. 
This aids the unity of the Society 
and a member is free to attend 
meetings of any division. Each divi- 
sion is fully represented on the 
Society’s Board of Directors and the 
officers of SME have been active in 
the division which represents their 
professional interests. On the fol- 
lowing four pages each of the divi- 
sions will “speak for itself”. 


R. E. SALVATI, DIVISION CHAIRMAN 


When consideration is given to 
the activities of the American Insti- 
tute of Mining, Metallurgical, and 
Petroleum Engineers since its foun- 
dation in the latter half of the 19th 
century, it is interesting to note the 
influential part that coal has 
played. 

AIME has grown and prospered 
and, as technology and science de- 
veloped, the Institute embraced 
fields of mineral activities barely 
sensed when it was inaugurated. 
The interests became so widespread 
and comprehensive that no one man 
in his lifetime could hope to cope 
with the developments outside of 
his own field. The solution to that 
situation was the creation of divi- 
sions within the Institute in order 
to better serve groups of members 
whose interests were similar. 

In 1930 the interests in coal be- 
came so strong that a special group, 
known as the Coal Division of AIME, 
with its own Bylaws and officers, 
was created. The late Howard N. 
Eavenson was the first chairman, 
with M. W. vonBernewitz as the first 
secretary. The initial Transactions 
of the Coal Division were published 
in 1930, and present an indication of 
the widespread experience and 
knowledge required in mining, prep- 
aration, and utilization of coal. 

It may not be amiss to recall the 
motivating spirit that activated 
such outstanding men as Eli T. Con- 
ner, Cadwallader Evans, Arno C. 


Fieldner, Dean E. A. Holbrook, and 
Eugene McAuliffe, to organize the 
Coal Division. 

There were a number of factors 
that were influential in the matter. 


The dominant one, however, 


was 
the sincere desire of those engineers 
who were leaders in the coal indus- 
try to have a group whose primary 
purpose was to work for honor and 


prestige in this endeavor. The 
founders considered themselves as 
responsible “citizens of no mean” 
profession, and intended to invest 
the Division with an authority and 
integrity that would be above re- 
proach. 

Almost 30 years have elapsed since 
that philosophy was presented, yet 
the basic objectives remain the 
same. It is possible that through the 
years some of the members may 
have lost sight of the original intent, 
and may have weighed in what 
manner membership in the Coal 
Division could be put to their ad- 
vantage. 

What is needed is a resurgence of 
the old spirit of selfless service and 
devotion in order to command the 
admiration and regard of all the 
professions. Someone has said, 
“There is nothing so constant as 
change.” That is eminently true in 
the mining and utilization of coal. 

It is the task of the Coal Division 
to assume the leadership in all fields 
in which coal is a factor and present 
to engineers and the public at large 
reliable information, courageously 
presented, with no thought of per- 
sonal advantage. 


1959 Division Officers 


Chairman: R. E. Salvati 
Chairman-Elect: H. O. Zimmerman 
Secretary-Treasurer: 

George E. Keller 
Past Chairmen: 


C. T. Hayden, C. T. Holland, J. W. 
Woomer 


Executive Committee: 


(Above, plus) J. A. Hagy, C. J. 
Potter, W. L. Wearly, C. G. Ball, 
E. G. Fox, E. M. Pace, R. G. Laz- 
zell, H. Rose, R. von Storch. 


Membership Committee: 
C. T. Hayden, Chairman 


Program Committee: 
H. E. Mauck, Chairman 


Publications Committee: 
G. R. Spindler, Chairman 
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Technical Committees 

The division carries out its activi- 
ties through a wide range of techni- 
cal interests with these three prin- 
cipal technical groups and their 11 
subcommittees. 


MINING COMMITTEE: 
E. M. Spokes, Chairman 
Anthracite Mining Methods 
J. W. Bush 
Bituminous Mining Methods 
J. F. Core 
Maintenance 
S. Krickovic 
Safety and Ventilation 
C. A. Peterson 


PREPARATION COMMITTEE: 
D. Dahlstrom, Chairman 

Coal Processing 
P. L. Richards 

Development and Plant Design 
F. R. Zachar 

Solid-Fluid Separation 
M. P. Corriveau 


UTILIZATION COMMITTEE: 
C. F. Hardy, Chairman 

Air and Water Pollution 
H. F. Hebley 

Carbonization and Gasification 
A. H. Brisse 

Combustion 
T. S. Spicer 

Research and Development 
H. J. Rose 


MATERIALS HANDLING COM- 
MITTEE: 
M. Cunningham, Chairman 


Other Activities 
Interest in the professional as well 
as technical aspects is reflected in 
the committees devoted to profes- 
sional development and recognition, 
particularly for the student. 
Percy Nicholls Award 
D. R. Mitchell, Chairman 
Joint Solid Fuels Conference Plan- 
ning 
W. T. Reid, Chairman 
Annual Field Meeting 
E. G. Fox, Chairman 
Scholarship Selection 
C. E. Lawall, M. D. Cooper, Co- 
Chairmen 
Scholarship Fund 
H. Nyquist, Chairman 
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JOHN G. BROUGHTON, DIVISION CHAIRMAN 


The Industrial Minerals Division 
of the Society of Mining Engineers 
of AIME represents the most rap- 
idly expanding area of the mining 
industry. Actually it spans the en- 
tire field of mining, with the excep- 
tion of the metals and the fuels. 
Materials as prosaic but as important 
as portland cement and as exotic as 
beryllium, with all its new uses, are 
included with the scope of this Divi- 
sion. The most recently added com- 
modity committee deals with indus- 
trial waters and, therefore, cuts 
across the whole industry. Members 
of the Industrial Minerals Division 
are interested in the exploration, de- 
velopment and production of an ex- 
tremely wide range of non-metallic 
minerals and thus devote their 
energies to a better understanding 
and exploitation of them. 

IndMD has been particularly suc- 
cessful in the support of regional 
AIME meetings, sometimes in coop- 
eration with another Division of 
SME and usually under the sponsor- 
ship of a local section. This pattern 
will be repeated in the fall of 1959 
with a joint meeting of the IndMD 
and the Coal Division to be held at 
Bedford Springs, Pa. 

Membership in IndMD is the 
smallest of any Division of the So- 
ciety partly, we believe, because of 
the wide professional interest of peo- 
ple interested in industrial minerals. 
It is difficult for them to confine their 
interest to a single group of com- 
modities when their specialities may 
be in geology or in milling methods. 
For this reason, some of our most 
successful technical sessions at the 
annual meeting had been those 


given in cooperation with other 
Divisions or with the Society of Eco- 
nomic Geologists. 

During the past year, Divisional 
specialists under the leadership of 
J. L. Gillson have completed a com- 
plete revision of the Seeley W. 
Mudd volume, Industrial Minerals 
and Rocks, and we expect that the 
third edition will be off the presses 
during 1959. The past year also saw 
the first award of the Hal Williams 
Hardinge medal which is given to 
recognize leadership in the field of 
Industrial Minerals. The first re- 
cipient was Oliver Bowles, of the 
U. S. Bureau of Mines, the late au- 
thority on the stone industry. 

The governing body of the Divi- 
sion is the Executive Committee, 
made of the officers, the Regional 
Vice-Presidents and nine Executive 
Committee members. Standing Com- 
mittees include Nominations, Mem- 
bership and Program—the Division 
also has representation in SME 
standing committees. Much of the 
Division’s success from year to year 
depends on the activities of the 
Chairman of the Program Commit- 
tee and the Chairman and members 
of the commodity committees. 

By a concentrated effort to ad- 
vance the mining of industrial min- 
erals and to enhance the professional 
standards of those employed by this 
industry, we look forward to a 
strengthened, enlarged and vigorous 
Division. 


1959 Division Officers 


Chairman: J. G. Broughton 


Secretary-Treasurer: R. H. Feiera- 
bend 

Regional Vice-Chairmen: J. B. Gra- 
ham, J. L. Calver, J. A. Brown, 
D. A. Brobst, R. F. Brooks, A. J. 
Kauffman, Jr., D. F. Hewitt. 

Executive Committee: (Above, plus) 
R. M. Grogan, C. F. Clausen, M. L. 
Leonardi, G. D. Emigh, F. R. Hunt- 
er, D. M. Larrabee, T. E. Gilling- 
ham Jr., L. A. Wright, J. B. Patton. 

Nominating Committee: R. M. Gro- 
gan, Chairman. 

Program Committee: L. W. Dupuy, 
Chairman. 

Membership Committee: J. S. Hol- 
land, Chairman. 

Publications Committee: D. R. Irv- 
ing. 
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Commodity Committees 


The Division carries out much of its 
activity through nine groups well 
representing the great diversity of 
industrial minerals. Individual mem- 
bers of the committees represent a 
range of geographic locations as 
wide as the range of materials. 


Cement, Lime and Gypsum Commit- 
tee 
R. W. Smith, Chairman 


Ceramic Raw Materials Committee 
W. E. Brownell, Chairman 


Chemical Raw Materials Committee 
F. C. Krueger, Chairman 


Dimension Stone and Slate Com- 
mittee 


H. L. Hartman, Chairman 


Fillers and Fibers Committee 
R. S. McClellan, Chairman 


Industrial Waters Committee 
W. F. Guyton, Chairman 


Mineral Aggregates Committee 
J. V. Thompson, Chairman 


Rare and Radioactive Minerals Com- 
mittee 


R. H. Wilpolt, Chairman 


Special Sands and Abrasives Com- 
mittee 


H. E. Dux, Chairman 


Other Activities 


Members of the division have been 
particularly active in publications 
and in helping organize regional 
meetings of scope extending beyond 
the confines of the division. One 
group is concerned with professional 
recognition— 


Hal Williams Hardinge Award Com- 
mittee 


V. L. Scheid, Chairman 
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MINERALS BENEFICIATION DIVISION 


digest 


WAYNE DOWDEY, DIVISION CHAIRMAN 


First organized in 1948 as the 
Minerals Beneficiation Division, the 
group had as its immediate ancestor 
the AIME Milling Method Com- 
mittee. Among the last officers of the 
Milling Methods Committee were 
F. M. Jardine, E. H. Rose, and J. F. 
Myers. Mr. Myers also had the dis- 
tinction of being the first chairman 
of the new Division. S. J. Swainson 
was the second chairman of the Di- 
vision, and Grover J. Holt, later 
President of AIME was the third 
chairman. 

MBD (as it is usually called) has 
been one of the most active and best 
organized groups in the Institute 
since its formation. Particularly not- 
able have been the scope and scale 
of its participation in the technical 
sessions of the annual meeting, and 
the large volume and high quality 
of the papers offered for publication. 


Annual Meeting 


The Division has not neglected the 
lighter side of its activities: The 
Scotch Breakfast has become an es- 
tablished and popular institution, 
and large attendance at the annual 
luncheon reflects the outstanding 
speakers, plus the blend of humor 
and justice that mark the division’s 
recognition of “Mill Gentlemen of 
distinction.” 

To maintain breadth of coverage 
of overlapping technical areas the 
MBD has participated in and organ- 
ized many joint sessions with other 
divisions, both in SME and in The 
Metallurgical Society of AIME. 
These have included joint meetings 
with Industrial Minerals Division 
(SME), the Extractive Metallurgy 
Division (TMS), and the Iron and 
Steel Division (TMS). 

Notwithstanding active participa- 
tion in the annual meeting, the divi- 


sion usually holds a fall meeting, in- 
dividually or jointly with other div- 
isions. 

Degree and activity of service to 
members by this division is reflected 
by the fact that the total number of 
SME members interested in the div- 
ision’s activities is nearly three 
times as great as the number of 
those who are primarily or exclu- 
sively interested in MBD. 


Local Meetings 


Men in the field of minerals bene- 
ficiation are not restricted to na- 
tional or regional meetings in their 
participation. Widespread local sec- 
tion activity provides other oppor- 
tunities for professional interchange 
and contact. Several local sections, 
among them Minnesota, Colorado, 
and Arizona, have formally organ- 
ized Subsections or Technical Sub- 
divisions whose meetings are spe- 
cifically for members professionally 
interested in the beneficiation of 
minerals. 

Democracy and vitality for the 
organization are insured by the size 
of the General Committee of the 
Division together with the oppor- 
tunity provided for younger men to 
participate actively as hard work- 
ing members of the technical com- 
mittees. These policies have re- 
sulted in large attendance and per- 
sonal interest in the annual business 
meeting of the group. 


Technical Committees 

The technical committees (see list 
at right) are organized to cover the 
primary unit operations met in the 
beneficiation of ores. Through the 
activity of the men on these com- 
mittees much of the work of pro- 
gram development and execution is 
carried out. In addition to the “op- 
erations” committees there is the 
Basic Science Committee in recog- 
nition of the activity in science 
which underlies all fields and which 
must be expanded and strengthened. 

The Division helps bring profes- 
sional recognition to workers in its 
field through selection of the recipi- 
ent of the Richards Award, through 
the presence of its members on other 
award groups, and more lightly but 
no less sincerely through the “Mill 
Gentlemen” Award. 

Future plans are no less ambitious 
and the Division is particularly look- 
ing to the 50th Anniversary of Froth 
Flotation which will be saluted 
through technical presentations and 
in other ways. 
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1959 Division Officers 
Chairman: W. L. Dowdey 
Associate Chairman: H. R. Spedden 


Regional Vice-Chairmen: N. Plum- 
mer, S. E. Erickson 


Secretary-Treasurer: W. J. Snavely 


Executive Committee: (Above, plus) 
N. Arbiter (Past Chairman), and 
B. S. Crocker (Publications Chair- 
man) 


Membership Committee: 
H. W. Erickson, Chairman 


Program Committee: 
H. R. Spedden, Chairman 


Publications Committee: 
B. S. Crocker, Chairman 


Education Committee: 
W. R. VanSlyke, Chairman 


Technical Committees 


Much of the Division activity in the 
fields of programs, meetings and 
publications is carried out through 
the nine technical groups which are 
largely organized along unit opera- 
tions lines. In addition there is a 
science committee representing the 
underlying basic work in the field. 


Basic Science Committee: 
P. L. de Bruyn, Chairman 


Chemical Process Committee: 
E. H. Crabtree Jr., Chairman 


Concentration Committee: 
O. Tangel, Chairman 


Crushing and Grinding Committee: 
C. L. Sollenberger, Chairman 


Material Handling Committee: 
C. E. Golson, Chairman 


Mill Design Committee: 
A. A. Wallach, Chairman 


Operating Control Committee: 
L. A. Roe, Chairman 


Pyrolysis and Agglomeration Com- 
mittee: 
M. E. Volin, Chairman 


Solid Fluid Separation Committee: 
W. T. Marston, Chairman 


Professional Recognition 


Richards Award Committee: 
Will Mitchell Jr., Chairman 
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LYMAN H. HART, DIVISION CHAIRMAN 


First organized in 1949, under the 
then new Mining Branch of AIME, 
the Division represents the largest 
single group within the Society of 
Mining Engineers. In 1958 the Min- 
ing, Geology, and Geophysics Divi- 
sion as it was then called, entered a 
new phase of its existence. Renamed 
the Mining and Exploration Divi- 
sion, the revised organization drew 
on, and combined the most success- 
ful ideas of the other divisions in a 
unique and flexible operating struc- 
ture of unit committees. 

Recognizing the three key service 
functions of program, publications, 
and membership both at the unit 
level and on an overall divisional 
level, the structure also permits rec- 
ognition of and service to the pro- 
fessional and operating specializa- 
tions. The Division cooperates in 
local and regional meetings and pro- 
vides the core of the “mining” part 
of the AIME Annual Meeting. Other 
activities include presentation of the 
Jackling Lecture annually and par- 
ticipation in overall SME activities. 
Members of the Division have taken 
interest recently in developing more 
up-to-date reference material for the 
profession. 

The Division structure is suffici- 
ently unique that it is diagrammed 
at right. 

Rock in the Box is the Division's 
regular monthly newsletter in MIn- 
ING ENGINEERING, and the post of Ed- 
itor, now held by J. W. Chandler, is 
an established part of the Division 
organization. 


1959 Division Officers 
Chairman: L. H. Hart 
Assistant Chairman: R. J. Lacy 


Vice-Chairmen 
J. G. Wangaard—Membership 
J. M. Ehrhorn—Program 
J. G. Hall—Publications 


Secretary: C. E. Nelson 


Editor—Rock in the Box: 
Chandler 


Executive Committee: (Above, plus) 


F. F. Clark, S. K. Droubay, J. B. 
R. W. Marsden, C. E. 


Knaebel, 
Nelson, S. H. Ward. 


Nominating Committee: 
H. C. Weed, Chairman 


Jackling Award Committee: 
L. H. Hart, Chairman 


J. W. 


Unit Committees 


GEOPHYSICS 
Chairman, S. H. Ward 
Program, W. Westphal 
Publications, J. B. Prendergast 
GEOCHEMISTRY 
Chairman, F. F. Clark 
Program, F. C. Canney 
Publications, R. W. Boyle 
GEOLOGY 
Chairman, R. W. Marsden 
Program, R. H. Carpenter 
Publications, F. S. Turneaure 
Membership, F. G. Snyder 
OPEN PIT MINING 
Chairman, J. B. Knaebel 
Program, H. A. Wilmeth 
Publications, H. J. Schwellenbach 
UNDERGROUND MINING 
Chairman, S. K. Droubay 
Program, S. S. Arentz, Jr. 
Publications, R. M. Stewart 


MINING AND EXPLORATION DIVISION 


CHAIRMAN 
AND 
ASSISTANT CHAIRMAN 
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NOMINATING 
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VICE CHAIRMAN 
PUBLICATIONS 


VICE CHAIRMAN 
PROGRAM MEMBERSHIP 


VICE CHAIRMAN 
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400—MINING ENGINEERING, APRIL 1959 


PROGRAM 
PUBLICATIONS 


PROGRAM 


MEMBERSHIP 


ws 
‘ PROGRAM PROGRAM 
— 


MINING ENGINEERING — SME’s MAGAZINE 


Coming events, news, reviews, abstracts—feature technical articles—professional news 
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SME OFFERS PROFESSIONAL RECOGNITION 


Through AIME and SME indi- 
vidual engineers attain professional 
recognition when they are named 
recipients of major awards. This 
page is devoted to pictures of awards 
of interest to members of SME. The 
captions accompanying the pictures 
explain what aspect of professional- 
ism the award represents. 


The James Douglas Gold Medal recog- 
nizes distinguished achievement in non- 
ferrous metallurgy including both bene- 
ficiation of ores and alloying and 
utilization of nonferrous metals. 


The William Lawrence Saunders Gold 
Medal recognizes distinguished achieve- 
ment in mining other than coal. The 
term “mining” includes the production 
of metals and nonmetallic minerals. 


The Charles F. Rand Memorial Medal 
is awarded at such a time and under such 
rules as may be determined by the 
Board of Directors of AIME for dis- 
tinguished achievement in Mining Ad- 
ministration. The term “mining” is de- 
fined in its broader sense to include 
metallurgy and petroleum. 


The Erskine Ramsay Gold Medal is 
awarded in recognition of distinguished 
achievement in coal mining including 
both bituminous and anthracite coal. 


The Robert H. Richards Award recog- 
nizes achievement in any form which un- 
mistakably furthers the art of minerals 
beneficiation in any of its branches. (Not 
illustrated.) 


The Rossiter W. Raymond Award (in the 
form of a certificate and check) is given 
annually for the best paper published by 
a member of the Institute under 33 years 
of age. Not only technological content but 
literary quality are considered. 


The Robert Peele Memorial Award (in 
the form of a certificate), established in 
1954 by the then Mining, Geology and 
Geophysics Division (now the Mining & 
Exploration Division), is given to en- 
courage young men in creative work. 


The Hal Williams Hardinge Award was 
recently established to recognize out- 
standing achievement in the field of 
industrial minerals. (At right.) 


The Daniel C. Jackling Award and lec- 
ture was instituted by the Mining, Geol- 
ogy, and Geophysics Division (now Min- 
ing & Exploration Division) in 1953. The 
award is presented for significant con- 
tributions to technical progress in the 
fields of mining, geology, and geophysics. 
The recipient is the Jackling Lecturer at 
the AIME Annual Meeting. (Left.) 
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In addition to these awards pre- 
sented in recognition of achievement 
on a professional basis, each of the 
constituent Societies of AIME may 
give annually an award to students 
for papers submitted in the Annual 
National Prize Paper Contest. SME 
may give an Award of $100 each 
for a paper in the graduate class and 
for one in the undergraduate class. 
These presentations are made at the 
welcoming luncheon during the 
Annual Meeting of the Institute. 

The Institute also cooperates with 
the other founder’ engineering 
societies in the presentation of cer- 
tain awards: 

The John Fritz Medal is awarded 
for notable scientific or industrial 
achievement. 

The Alfred Nobel prize is given 
for a technical paper of particular 
merit accepted by the publication 
committee of any of the foregoing 
(AIME, ASME, AIEE, and the West- 
ern Soc. of Engineers) for publica- 
tion, in whole or in abstract, in any 
of their respective technical publica- 
tions, provided the author, at the 
time the paper is accepted in prac- 
tically its final form, is not over 30 
years of age. 

The third joint award of the 
founder Societies is the Hoover 
Medal. Named in honor of Herbert 
Hoover, Past President of AIME and 
former President of the United 
States, the medal is awarded for 
distinguished public service by an 
engineer. 

The Percy Nichols Award is given 
for notable scientific or industrial 
achievement in the field of solid 
fuels. Given under the joint spon- 
sorship of AIME and ASME, the 
Award is presented at the Annual 
Joint Meeting of the Coal Division 
of SME and the Fuels Division of 
ASME. 
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SOCIETY AND AIME SERVICES 


Described below are some of the services provided by the Society and the Institute and avail- 
able to you as a member of AIME. They range from papers and books to personnel service. 


Preprints—As a service to its mem- 
bers, the Society of Mining Engi- 
neers preprints papers presented at 
the Society meetings. In 1959 ap- 
proximately 120 Annual Meeting 
papers, presented at San Francisco 
in February, were preprinted and 
available on a coupon basis to mem- 
bers and nonmembers of the Society 
of Mining Engineers. 

In order to make this program 
financially feasible, preprints are dis- 
tributed on a coupon basis. Each 
member of SME receives with his 
annual dues bill a book of five free 
coupons which entitles him to five 
preprints. If he should attend the 
Annual Meeting, he receives as part 
of his registration a second book of 
five free coupons entitling him to 
five additional preprints. Thereafter 
coupon books are available to mem- 
bers for $ five per book of ten cou- 
pons. Each coupon is redeemable for 
one preprint. The Society also sells 
books of ten coupons at $ ten per 
book to nonmembers. These coupons 
are again redeemable for preprints. 

In addition to the papers pre- 
printed for the Annual Meeting, the 
Society is also preprinting papers 
presented at some regional meetings. 
In 1958 the AIME papers presented 
at the Joint Solid Fuels Conference 
of AIME and ASME were preprinted 
and available to members and non- 
members on a coupon basis. During 
the forthcoming year, SME is plan- 
ning to expand its preprint coverage 
of meetings. 


Books—In addition to the profes- 
sional and personal contact function 
of AIME, the Institute has as a major 
objective the dissemination of tech- 
nical information of varying kinds. 
One method of so doing is publica- 
tion of a monthly technical journal, 
MINING ENGINEERING, by the Society 
of Mining Engineers. In addition, the 
Institute is a book publisher. The 
Transactions papers, or contributions 
worthy of inclusion in the permanent 
technical literature, are collected and 
published as a bound volume once a 
year. The present Transactions of 
AIME published under the auspices 
of the Society of Mining Engineers, 
consists of those transactions papers 
published monthly in MINING ENGI- 
NEERING. 

In addition to the Annual Transac- 
tions Volume, AIME publishes from 
time to time books of interest to 
those engineers in the minerals in- 
dustry. For example, The Porphyry 


Coppers in 1956 edited by A. B. 
Parsons, was a recent publication of 
the Institute. Contemplated for pub- 
lication during the forthcoming year 
are a third revision of Industrial 
Minerals & Rocks and a new volume 
on mineral economics. From time to 
time AIME issues an available book 
list for the information of its mem- 
bers. Members of SME can obtain 
these books at a discount. 


Library—The Engineering Societies 
Library is physically located in the 
Engineers Building, home of AIME 
and the other Founder Societies. It 
is a department of the United Engi- 
neering Trustees, a corporation of 
which each of the five Founder 
Societies is a member. Through their 
membership in UET, the Societies 
support the Library. ESL is, of 
course, outstanding in its Founder 
Societies fields—civil, electrical, 
mechanical, mining, metallurgical, 
petroleum and chemical engineering 
—but the over 175,000 volumes in the 
Library cover all branches of engi- 
neering primarily on the level of 
the graduate practicing engineer. In 
addition to these reference works, 
the Library currently receives over 
1500 periodicals from all parts of the 
world. 

The reading room of the Library is 
available to anyone whether mem- 
ber or not of the Founder Societies. 

The Library offers special services 
such as preparation of bibliographies; 
literature searches; and translation, 
photoprint, and microfilm copying of 
material contained in the Library. 
Such services can be ordered by 
mail. The Library will be glad to fur- 
nish a brochure of its services and 
charges therefor upon request. 


ESPS—The Engineering Societies 
Personnel Service Incorporated is a 
nonprofit, self-supporting national 
employment service cooperating with 
various engineering societies, of 
which AIME is one. With offices in 
Chicago, New York and San Fran- 
cisco, engineering employment ser- 
vices are available for employer 
and employee. The range of jobs 
listed for engineers includes every 
field of industry and government 
from production, administration, 
consulting, to editorial and sales 
ESPS carries a listing of available 
engineers as well as positions open 


EJC—Engineers Joint Council is a 
federation of Professional Societies 
whose memberships total a quarter 


of a million engineers (AIME is a 
constituent Society). EJC is dedicated 
to the betterment of the nation and 
to the professional and sociological 
development of the individual engi- 
neer. Societies in special fields serve 
members in their particular areas 
but EJC represents the broad engi- 
neering profession and works for 
engineering by promoting sound 
public recognition of the engineer. 

Some of the areas to which EJC’s 
jurisdiction extends are national 
manpower policy, engineers’ employ- 
ment conditions in industry, science 
and engineering education, secondary 
and technical school education, na- 
tional resources policies, interna- 
tional standards, labor management 
relations, and developments such as 
nuclear energy. 

The four fold constitutional ob- 
jectives of EJC are 1) to advance the 
general welfare of mankind through 
the available resources and creative 
ability of the engineering profession, 
2) to promote cooperation among the 
various branches of the engineering 
profession, 3) to advance the science 
and profession of engineering, and 
4) to develop sound public policies 
respecting national and international 
affairs wherein the engineering pro- 
fession can be helpful to the services 
of the engineering profession. 

To achieve these objectives EJC 
acts as an advisory and coordinating 
agency to work and study matters of 
mutual interest to the constituent 
societies and to recommend parallel 
action by them. EJC represents the 
constituent societies of the council in 
instances in which constituent soci- 
eties deem such joint representation 
desirable. EJC also administers on 
behalf of the engineering profession, 
those activities authorized by a 
majority of the societies. 

Several major annual events are 
held under the auspices of EJC. One 
is the general assembly normally 
scheduled in January which brings 
engineers together with world au- 
thorities on subjects of broad in- 
terest to the engineer in the profes- 
sion. The Nuclear Congress, first held 
in 1955 and again in 1957, became in 
1958 an annual event controlled by 
EJC’s permanent policy committee 
on nuclear congresses. In addition to 
these events other conferences are 
arranged as the need arises. By join- 
ing the Society of Mining Engineers 
of AIME an engineer can participate 
in the conferences and programs of 
EJC. 
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Ox a period of years the Crestmore plant of 
the Riverside Cement Co. has been supplied 
with limestone from the Chino limestone bed. The 
limestone bed dips about 40° and extends 1500 ft 
along the strike. Thickness of the bed is such that 
horizontal distance from footwall to hanging wall 
varies from 400 to 1200 ft. 

When the new room and pillar mining system was 
instituted the haulage units used for development 
were model C Tournarockers. Four of these diesel 
units were purchased with the idea of using them 
solely for development work since it was realized 
that they would have to be supplemented by addi- 
tional, and perhaps larger haulers. 

A study of the requirements and desirable fea- 
tures of the new carriers indicated the following: 


1) Because of the mining method proposed, the 
units should be trackless. Trackless units would 
also increase flexibility of operation. 

2) Units should be capable of negotiating at 
least a 16 pet grade against load for the entire 
haul distance. 

3) In keeping with operating policy, the haul- 
age unit should have a high unit productivity in 
order to keep labor cost down. The desire was to 
trade labor costs for capital costs. 

4) Maintenance costs should be low. Experience 
with conventional trucks on long, steep, wet 
hauls indicated that certain maintenance costs, 
especially on transmissions and _ differentials, 
might be high. The operation planners wished to 
avoid this cost, if possible. 

5) The units should be compatible with safe, 
efficient underground mining methods. 

6) They should not introduce a major ventila- 
tion problem. 


Haulers: Various known haulage units and pro- 
posed units were considered; and after manufac- 
turers had been consulted, Kenworth Motor Truck 
and General Electric agreed in 1955 to convert four 
standard Kenworth model 802 end-dump, off-high- 
way units to electric operation. The 802 is rated 
at 16 cu yd struck capacity. A careful study by 
Kenworth and General Electric indicated that a GE 
550-v, 350-hp, d-c locomotive traction motor could 
replace the 300-hp diesel and give the desired 
operating characteristics. The trucks as delivered in 
the early spring of 1956 were standard Kenworth 
model 802 units, with the following exceptions: 

A 350-hp General Electric compound wound, 530- 
amp continuous rating motor is connected to the 
drive shaft and located where clutch and transmis- 
sion would normally be located. No auxiliary equip- 
ment is powered by this motor. The total rear axle 
reduction is about 15 to 1, split equally between the 
differential and planetary gearing in the hubs. 

A 20-hp GE mill type motor is used to operate all 
auxiliary equipment. This equipment consists of a 
24-v, automotive type generator, Bendix-Westing- 
house air compressor for air brakes, hydraulic pump 
for power steering and hydraulic pump for the dump 
mechanism. The auxiliary motor and its attached 
equipment are located under the hood. 

A cable reel and reel motors are also located un- 
der the hood. Both reel and reel motors are standard 
General Electric gathering locomotive equipment. 
The reel is mounted with the axis horizontal, and is 


P. B. NALLE is Superintendent of Mining, Riverside Cement Co., 
Riverside, Calif. 


by PETER B. NALLE 


ELECTRIC 
TRUCK HAULAGE 
AT CRESTMORE 


Crestmore’s electric haulers 


can carry almost 50 pet more rock in about 
half the time taken by diesels and at lower cost. 


Ventilation problems have been cut too. 
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A 350-hp electric motor was placed under truck frame 
at spot normally taken by transmission. 


Underground rectifier station is shown above. At right 
is typical trolley branch. 
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Crestmore’s 440- 
level trolley system. 


50 


used when operating the truck away from the trol- 
ley line. The constant torque motors are set to pick 
up the cable as the truck moves forward but allow 
the cable to be pulled off the reel as the truck backs 
up. 

Control panel and resistances are located on the 
right side and back of the driver’s cab. The control 
circuit is energized from the 24-v automotive bat- 
tery. The battery is used to supply power for all 
lights, in addition to the control circuit, so that 
standard head lights can be used and so that the 
lights will not go out if the trolley poles come off 
the wire. 

Early Operation: At the start considerable diffi- 
culty was experienced in keeping the four trucks 
operating. Major difficulties arose in three areas: De- 
sign faults, driver education, and maintenance. De- 
sign faults were all minor, but troublesome at times. 
No trouble was ever experienced with the main 
motor or dynamic braking system. The auxiliary 
motor control circuit gave trouble, but this was cor- 


Tunnel dimensions are 32 ft wide x 27 ft high. Trolley 
wire is 18 ft above floor. 


i T 
‘ 


Common to the entire overhead trolley system is this installation at Crestmore’s mine portal. 


rected by the manufacturer. When the trolley poles, 
designed to telescope when operating away from 
the trolley line, caused trouble they were abandoned 
in favor of Ohio Brass standard poles, which were 
cut down to 16 ft. Minor troubles with many safety 
interlocks developed, but they were soon ironed out. 
In a short time troubles in design were all corrected. 

Driver education was a relatively simple matter 
once the trouble with the interlocks was overcome. 
Driving the truck is very simple, as the operator’s 
only major controls are an accelerator pedal, air 
brake pedal, and direction lever. Steering is all 
standard and hydraulic assisted. The forward- 
reverse lever also controls the two stages of dynamic 
braking. 

The most difficult problem in driver education 
involved driving while using the cable and reel. 
Initially, trouble was experienced by drivers run- 
ning over the cable and breaking it. This problem 
was Overcome by guide rollers and careful adjust- 
ment of the torque in the motors. Pole breakage is 
now at a minimum and a driver may run for weeks 
without losing a pole from the wire. Again, educa- 
tion of the drivers plus experience in wire installa- 
tion has solved the problem. 

The education of maintenance men has taken 
longer, but the electric circuits are relatively sim- 
ple, and the problem has not been too difficult. 
Familiarization with the circuit and learning the 
location of the various relays and circuit breakers 
has been accomplished by the two electricians 
assigned to the mine and now they have little 
trouble tracing circuits and trouble shooting. These 
electricians also care for the four electric shovels, 
the rectifiers and all other electric mine machinery. 

Current Operation: Currently, Riverside is haul- 


ing rock from rooms on the 440 level to the surface 
crusher. Truck reliability is good; with four units, 
all will operate 85 pct of the scheduled time, and 
three units 95 pct of the time. Almost all mainte- 
nance and repair work is done during operating 
shifts. Time taken for maintenance and repair dur- 
ing an operating shift is always charged as down 
time. 

Vertical lift is 480 ft and all grades are 10 pet. 
Total length of run is 1% miles. A time study shows 
the following, in comparison with diesel units: 


Time, Min 
Electric Diesel 


Operation 25-Ton 18-Ton 


Pull down poles, plug in and 
back under shovel 

Load 1% cu yd shovel 

Put up poles and unhook 

Travel up grade 

Travel down grade 


Total 24 


From this study it can be seen that the electric 
trucks can make a trip hauling almost 50 pct more 
rock in about half the time taken by the diesels. 
Time lost working with poles is more than made up 
in the 10 to 12-mph traveling rate on the 10 pct 
grades. For very short hauls the diesel units, of 
course, would outrun the electrics. 

The electric truck adapts well to the 60-ft wide 
by 30-ft high rooms underground. Development 
rock formerly hauled with diesel units is now 
largely hauled by electric trucks. Development 
tunnels are driven 30 to 35 ft wide and 27 ft high. 

An idealized plan of the second level is shown in 
an accompanying illustration. The development 
drift splits the level in two parts so that trucks can 
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back on the cable as far as the footwall or hanging 
wall. By limiting room length to 350 ft, no trolley 
wire need be strung in the rooms. It has proven good 
practice to locate the plug-in boxes containing 
circuit breakers and disconnects so that two trucks 
at a time can back to the shovel. Thus, one truck can 
back in or turn while the other is loading. 

In driving the main haulage tunnel, a small turn- 
out is made every 200 or 300 ft so the electric trucks 
can turn around and back to the shovel. It has been 
found good practice to keep the haul on the reel 
cable as short as possible, especially upgrade. At 
times long runs on the reel cable are used to avoid 
putting in trolley wire switches. 

Trolley wire installation is done by the mainte- 
nance crew, assisted at times by a driller and the 
roof bolting rig. Short roof bolts are used for sup- 
porting the span wires and an Ohio Brass trolley 
coach two-wire system is used throughout. Certain 
simplifications have been made in the recommended 
trolley coach procedure. First, since trucks never 
exceed 15 mph, curves, segments and frogs can be 
sharper than those normally used on high-speed 
systems. Second, to make re-use of the overhead 
system easier and to cut down parts inventory, 
standard sections are used whenever possible, even 
if the fit is not exact. For example, all crossovers 
are 45°, and frogs are all an integral part of the 
assembly. 

A four-man crew requires two shifts to install a 
turnout and 300 ft of wire, exclusive of engineers’ 
marking time and roof bolter’s time for installing 
hangers. Without the turnout, the 300 ft could be 
installed in one shift. 

It is interesting to note that the cost of installed 
trolley wire (up and down sides) is 50 pct less per 
foot than the 3-ft diam ventilating tubing which 
would be required if all units were diesel. California 
Mine Safety Orders call for 75 cfm minimum per 
horsepower, so four 350-hp diesel units would re- 
quire an additional 105,000 cfm of air to be supplied 
to the faces. Currently, 75,000 cfm are exhausted for 
ventilation. 

Wire used is 3/0, grooved. The up and down wires 
are paralleled every 500 ft and since no power is 
drawn from the down side, the down side acts as a 
feeder for the up side. In addition, wherever pos- 
sible 500 cm feeders are run between levels and 
across long curves. Peak starting load for the trucks, 
as measured by a recording ammeter at 580 v, is 
560 amp for 9 sec. A steady pull upgrade draws 490 
amp. Typical curves show that the operators use 
power for about 10 sec out of 30 for level running 
to keep speed reasonable in crowded areas. No speed 
tests have been made on level ground. Acceleration 
is high and on a 10 pct grade the trucks have no 
difficulty in attaining 11 mph in 6 sec. 

Power is supplied by two GE Ignitron, fully 
protected and regulated rectifiers rated at 400 kw, 
575 v. 

Down-hill speed is limited to 7 or 15 mph on 10 
pct grades by the two-stage dynamic braking fea- 
ture of the drive motor. On a typical down-hill run, 
the operator will only use his air brakes two or 
three times for passing upbound trucks and once to 
make his final stop. Power generated going down- 
hill is not fed back into the system, as the rectifiers 
cannot accept power. Also the number of haulage 
units is so small that there is no assurance that there 
will be upbound trucks to take power when a truck 
is coming downgrade. 
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Cost of Operation: The cost of operation of the 
trucks can be broken down as follows: 


Operating labor 

Repair labor 

Supplies, including tires and cables 

Power 

Depreciation and insurance including rectifiers 
and original trolley system 


Total cost per ton hauled is about half that of the 
diesel units operating on the same basis, and is 
about the same as that of a quarry operation at 
another Riverside Cement plant using 35-ton units 
on a 3-mile down-hill haul. 

As briefly stated, a cost saving which is not im- 
mediately apparent is the ventilation cost which 
would be incurred if diesel power was used for 
haulage. In addition to costs cut by not using 3-ft 
ventilation tubing, a large capital saving has been 
made in using a fan installation which is 120,000 
cfm smaller than would be required with diesel 
haulage. Operating costs of the larger fan would 
also show a large saving in favor of the electric 
trucks. 

Total supply costs are relatively high because in 
the first half of 1958 all truck tires were replaced 
or recapped for the first time. Actually, tire costs 
per ton on the 10 pct grade are about half the costs 
for the quarry diesel units operating on a down- 
grade at the other plant. 

Power consumption is 1.92 kw-hr per ton hauled 
to surface. It is interesting to note that this is very 
close to the predicted figure in an original study 
by General Electric Co. 

Maintenance costs are broken down as follows: 


Traction motor control circuit 
Low-voltage electric system 
Auxiliary motor and control circuit 
Differentials 

Wheels and brakes 

Body and chassis 

Hoist 

Cable reel control circuit 

Trolley poles 


Labor 
Supplies 


Maintenance for the rectifiers has been so minor 
that it would not be apparent on the record. Trolley 
wire, other than occasional greasing, tightening and 
replacement of wear lips, has required no mainte- 
nance. Two men can grease the system and inspect 
it in about 4 hr; in this time, they also correct any 
minor faults. This is regularly done every two or 
three weeks. 

Summary and Conclusions: After a period of de- 
velopment and practice the electric haulage system 
has fulfilled expectations and estimates. Both oper- 
ating and maintenance personnel like the trucks 
and have faith in them. The trucks have been a 
major factor in our ability to produce rock at Crest- 
more at a cost very close to the 1955 quarry cost. 

Ultimately, as the mine goes deeper and the haul 
gets longer, the method of operation will necessarily 
be changed. Cost studies, coupled with experience 
with the trucks, indicate that a conveyor system 
with an underground crusher will probably be the 
answer. The belt would lift the rock from a central 
location and the trucks would haul to it from two or 
three levels. Then, as the haul again becomes too 
long, the crusher and belt would be moved down. 
The interval between crusher moves would be de- 
termined by size of level and other cost factors. 
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Lowest cost, consonant with 
safety, is the major test of any 
haulage method. Rail, truck, and 
combination methods that 
include conveyors and skip 


hoists are covered. 


SELECTING 


AN OPEN PIT 
HAULAGE METHOD 


by WILLIAM N. MATHESON, JR. 


he major consideration in any management and 

engineering decision is the economic evaluation of 
all factors. The right decision is the best cost de- 
cision, provided of course that it is the safest. 

Changes, improvements, and advances in mining 
technology, as in any business, come about through 
the pressure of economics in combination with the 
inventiveness and engineering abilities of efficient 
mine operators. Without proper economic evaluation 
and an appreciation of profit and loss of an opera- 
tion, advances in mining methods would come about 
at a slow pace, if at all. 

Changes in ore haulage methods on the famous 
Mesabi Range have reached a point where today the 
major methods can be classified into three cate- 
gories: rail haulage, truck haulage, and combination 
haulage methods. By the last is meant variations of 
either rail or truck methods to include use of belt 
conveyors and skip hoists for different parts of the 
system. 


W. N. MATHESON, JR., is Vice President of Operations, Oliver 
Iron Mining Div., U. S. Steel Corp., Duluth. 
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Conveyor belts continue to grow in importance. This one carries waste material. 


The approach here to the matter of selection of 
haulage method will be: 


1) To discuss types of methods available, namely, 
rail, truck, and combination haulage. 

2) To state factors to be considered in deter- 
mining the best method. 

3) To illustrate by typical mine example how 
various factors cause selection of one particular 
haulage method. 


In selecting rail equipment, it must be considered 
that open pit rail operations require use of sharper 
rail track curves than are found in normal railroad 
operations. Six-wheel trucks cannot be used on 
locomotives, wheel gages on rolling stock must be 
decreased slightly, and special coupling features 
must be provided. It has been found that regular 
road and switching locomotives will not usually 
suffice because their weight-to-horsepower ratio 
is not great enough to provide the traction needed 
to start and pull heavy loads on steep operating 
grades in an open pit mine. 

In spite of the increased efficiency of the modern 
mine locomotive, it has been found inadvisable to 
exceed a 3-pct grade in planning. Studies indicate 
that ballasted double units or single, higher horse- 
power units coupled to slugs give optimum steep 
grade performance. 

In contrast to the 3-pct ruling grade for loco- 
motives, modern off-highway mine trucks are de- 
signed to operate efficiently on grades up to 8 pct. 
Under extreme conditions and for short hauls, these 
units are even operated on grades as steep as 16 pct, 
though this is not recommended. 

After experimentation with both larger and 
smaller units, Oliver Iron Mining Div. has presently 
standardized on 34-ton tandem rear axle, end dump 
trucks, used along with 5% to 7-cu yd shovels. 
Tractor-trailer units of bottom-dump, end-dump, 
and side-dump designs have been used on the 
Mesabi, but they are generally limited to less than 
a 4-pct grade because of wheel slippage, and they 
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do not allow ease of operation or provide the flex- 
ibility of end-dump trucks at shovel and dumping 
points. 

Truck haulage permits a high degree of adapt- 
ability in mining, as trucks can be moved anywhere 
in or out of the mine as ore and stripping require- 
ments dictate. Trucks can operate in such confined 
areas as stringers and pockets of ore found in pit 
bottom clean-up work. But trucks do require a large 
personnel force. 

Comparing the 8-pct limiting grades of a truck 
operation with the restrictive ruling grade of 3 pct 
for the locomotives, it is readily apparent that a 
locomotive must travel about three times as far to 
get out of the mine. In spite of this increased haul- 
age distance, experience at Oliver indicates that a 
mine locomotive with its string of from five to ten 
30 or 40-cu yd side-dump cars will transport either 
ore or stripping material at lower costs than our 
most efficient mine truck. 

To show how operating costs compare, the aver- 
age haulage distance of our diesel electric locomo- 
tive is presently 4.3 miles as against 0.78 miles for 
trucks. The average haulage elevation is 271 ft for 
the locomotive as against 144 ft for trucks. Despite 
these differences, our locomotive haulage costs are 
about 8 pct below those for trucks. 

Considering combination haulage methods, the 
belt conveyors and skip hoists can move materials 
at low cost up relatively steep grades, delivering 
them to pockets for further rail movement, to dumps 
or stockpiles, or to treatment plants. The grade of a 
belt conveyor is generally limited to 29 pct, de- 
pending upon the material to be conveyed. Initial 
location of conveyor facilities must be planned with 
utmost care to avoid undue moving expense. Con- 
veyor belts can best be used where the truck dump 
station can remain in one position for relatively 
long periods of time to minimize costly frequent 
moves. 

An interesting method of handling this problem 
was developed for Oliver’s Spruce mine Hull-Nelson 
conveyor by designing the pocket over an under- 


ground raise in the orebody. As mining continued 
downward, the pocket was lowered in increments 
by moving it on rails a distance of 500 ft from the 
raise, then mining and stockpiling the ore around 
the raise, and returning the pocket to the raise. 

This installation is unique in that it utilizes a 
single 30-in. wide belt, 3120 ft long. There is a 
distance of 1544 ft between centerlines of the head 
pulley and tail pulley, not including intermediate 
drive stations, for a lift of 380 ft at 25.5 pct grade. 

Since development of this system in 1947, experi- 
ence has indicated that wider belts can be used 
effectively to reduce spillage and increase capacity. 
Oliver is currently designing applications for belts 
up to 60 in. in width, and it is not inconceivable that 
in the future even wider belts will be used. 

Although most installations in use on the Mesabi 
Range are designed for conveyance of ore only, the 
conveyor belt also may be successfully used for con- 
veyance of waste material. One such application 
actually transports mine waste a distance of about 
three miles. The material is excavated by a large 
dragline, which discharges its bucket into a portable 
hopper. After scalping of oversize, remaining mate- 
rial is conveyed to a stacker located on the stripping 
dump. This application is not used during winter 
operations because of temperature problems. 

The skip hoist has had limited use on the Mesabi 
Range to date even though the system can be in- 
stalled on slopes of 45° and over, minimizing strip- 
ping requirements. 

A properly designed skip track system would 
provide for ready extension without seriously inter- 
rupting operations or requiring excessive costs. In 
this regard, a clutched double-drum hoist will 
permit changing the skip-loading station at will to 
accommodate mining from various benches. How- 
ever, this adds considerably to the capital cost, and 
ordinarily a single-hoist drum will suffice. 

One skip hoist system now in operation can con- 
vey 1000 tph on its ultimate skip length of 855 ft, 
on a slope of 38°. 

Economic Factors: A number of factors relative to 
the orebody and other material to be handled must 
be considered if we are to make proper economic 
evaluation in selecting a haulage method. These 
factors are: 


Size, depth, and shape of the orebody. 
Uniformity of materials. 

Annual production and life of the mine. 

Ratio of waste material to ore. 

Haulage distances for waste material and ore. 
Operating and capital costs. 

Temperature and seasonal problems. 


All of the above factors can actually be reduced 
to a common denominator—that of cost. To illus- 
trate application of the various factors to our 
problem of selection, let us first consider the factors 
applying to rail operations. Certainly the orebody 
must be large and uniform enough to permit mining 
large tonnages over a relatively long period of time. 
Depth and shape of the orebody will determine the 
waste material-to-ore ratio. If it is necessary to 
haul materials over long distances to dumps or to 
treatment plants, lower operating costs for rail 
haulage must certainly offset the additional cost of 
stripping required to provide safe benches for rail 
tracks. A uniform ore structure is necessary to mine 
these benches out completely without vitiation of 
product. 


Take for an actual illustration a long, relatively 
narrow orebody which becomes deep and even more 
narrow at the bottom. The fact that it is narrow 
implies at once that, for a rail haul, it will be neces- 
sary to remove large volumes of waste material to 
provide safe track benches. However, studies in- 
dicated that for this mine’s large tonnage of ore and 
stripping and a 4-mile haul to suitable dumping 
areas, rail haulage was the most economical method. 
At a later date, trucks and skip hoist may be neces- 
sary to economically deplete such an orebody. 

Take still another orebody, where uniformity of 
material, or lack of it, is an important consideration. 
This one, because of the broadness of the orebody 
and the stripping ratio, appears that it would be an 
ideal rail operation. Erratic character of the orebody 
however, indicates that here will be required the 
versatility of a truck operation. 

It should be remembered also that what is the 
best decision on haulage methods today may not be 
the best tomorrow. Changing conditions of our in- 
dustry require constant alertness to new methods 
and techniques so that the choice will always be 
the low cost practical method. 

In selecting methods wherein many variable 
factors must be considered to make the best choice 
from a cost standpoint the fact should not be over- 
looked that this actually is a problem which must 
be solved through an operations research approach. 
It appears that here we have the elements of the 
kind of problem which might best be solved through 
the use of electronic computers. This, however, is a 
matter which, in itself, is a major topic for future 
discussion. 

Summary: This discussion has been concerned 
particularly with the factors to be considered in 
making a decision on rail, truck, or combination 
methods of haulage. A brief review shows that in 
order to make the best selection and obtain the low 
cost method of haulage we must: 


1) Establish the quantity, quality, and outline of 
the orebody. 

2) Determine the amount of material to be re- 
moved for each haulage method, including stripping. 

3) Consider the waste material intermixed in the 
orebody and its removal. 

4) Compute the lift and haul. 

5) Calculate capital cost for facilities and equip- 
ment. 

6) Calculate operating costs. 

7) Determine total cost and resulting earnings. 

8) Consider each alternate method in the same 
detail. 

Once we have considered these factors and made 
our selection, we must make a final check with the 
following questions: 

1) Have we given full 
operation? 

2) Have we considered all alternate methods? 

3) Does the choice provide flexibility for both 
the present and the future? 

4) Does it take full advantage of available equip- 
ment? 

5) Does its use fit into the overall pattern of the 
company’s other operations? 

6) Have all factors been weighed in their proper 
economic perspective? 


consideration to safe 


If we can affirmatively answer these questions we 
can be assured of a safe, low cost operation. 
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Haulage in the first open pit mines on the Iron Range consisted of horse-drawn vehicles and wheelbarrows. Some 
of the deeper, more confined pits employed swing derricks or gin poles, crudely resembling those commonly used 
today for unloading boats or in quarrying dimension stone. The long boom on these derricks allowed lowering bucket 
to different sections of a wide pit. Even though limited overburden had to be removed in terms of today’s reckoning, 
underground mining methods were often resorted to. Shortly after the Merritt brothers opened the first mine on the 
Mesabi Range in 1892, small steam locomotives called dinkies (upper photo), which weighed from 6 to 18 tons, 
were used on 36-in. narrow gage track to haul from eight to ten 3-cu yd wooden dump cars for stripping. Where ad- 
verse grades were encountered, as many as three dinkies had to be used to move this number of loaded cars out of 


a pit. These early cars had no brakes and were dumped by hand. Steam shovels of about 2%-cu yd capacity, mounted 
on railroad type trucks, were also introduced at about this time. Larger steam locomotives and cars were introduced 
shortly-after the turn of the century, along with improved steam shovels, making open pit mines more often possible. 


412—MINING ENGINEERING, APRIL 1959 


: 


Another early method of min- 
ing was called milling. Adopted 
because of the soft character of 
Mesabi ores, it was not used 
extensively. With this method, 
overburden was stripped from 
the ore and a shaft was sunk 
along the rock wall to the bot- 
tom of the deposit. Drifts were 
run out through the orebody and 
raises were sent up to the top 
of the orebody to form chutes 
Surface ore was blasted and 
pushed into these chutes by 
hand or steam shovel. Under- 
ground cars carried the ore to 
the shaft for hoisting to surface. 


Attempts to use small 
converted highway-type 
dump trucks met small 
success in open pit op- 
erations. It was not un- 
til heavy-duty, off -high- 
way truck haulage was 
introduced on the Iron 
Range in 1937, with 
15-ton capacity units, 
that trucks became a 
recognized and econom- 
ical haulage method. 


Belt conveyors came into use in the middle 1930's. As working depth of many mines increased, and where reserve 
tonnages warranted investment for a fixed facility, belts became more popular for removing ore without the need for 
additional stripping to prepare roadways for truck or rail operation. The first open pit skip hoist was installed at 
South Agnew mine in 1949, permitting ore removal from a deep confined mine with a minimum of overburden re- 
moval. Development of truck, belt conveyor, and skip haulage, along with modern loading and drilling methods, made 
open pit mining more favorable than underground mining.In the very early days it was considered uneconomical to 
remove overburden at more than a 1:1 ratio by volume before resorting to underground methods. Today, with im- 
provement in open pit equipment, this ratio is commonly 3:1 and occasionally greater than 7:1, depending on ore 


APRIL 1959, MINING ENGINEERING—413 


- J 
ve 


UNIVERSITY SESSION 


ON FLUIDIZING REACTORS 


AT HAYDEN 

AT BAGDAD 

AT WEED HEIGHTS 
“AT YELLOWKNIFE 


Symposium at the University of Arizona aimed at wider dissemination of 
data on operating use of this air-suspension roasting method. 


week-long educational program and two-day 
A symposium on applying the fluidizing reactor to 
the minerals industry drew more than 100 engineers 
to the University of Arizona at Tucson several 
weeks ago. 

The educational program, intended for engineers 
who will work closely with the reactor, attracted 
registrants from all sections of the U. S. and Canada. 
Meeting at the College of Mines on February 23 for 
a full week of intensive classwork, the engineers 
ploughed in with enthusiasm. Eight hours daily of 
lectures and laboratory work were followed by a 
generous helping of homework supplied by Professor 
Sigmund L. Smith, who directed the course. The 
study program was completed on Friday and the 
following Monday marked the start of a symposium 
of technical papers covering a wide variety of opera- 
tions and new ideas. 

The symposium session in the Student Union filled 
up rapidly and the gathering was greeted by Chair- 
man W. L. McMorris Jr., general manager of coal 
preparation and distribution for U. S. Steel Corp. 
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After a short welcoming talk, Mr. McMorris intro- 
duced J. D. Forrester, dean of the college. 

Dean Forrester heartily commended the excellent 
support by industry to the work of the mines school 
in the form of scholarships and loan funds and also 
to cooperation in permitting study of working plants. 
Pointing out the steady growth of the mines college 
he said a recently-added wing has supplied an ad- 
ditional 95,000 sq ft of floor space. 

The dean, director of the Arizona Bureau of Mines, 
also mentioned the work of the state bureau. Dis- 
playing a geological map, the dean said it was the 
most recent of a group which the bureau is prepar- 
ing, county by county, over the entire state of 
Arizona. 

Symposium Program: Shortly after 9:00 am the 
program of papers was started, four during the 
morning session and another four following a noon 
break for lunch at the university. 

The papers included: 


@ “The Fluidizing Reactor at Hayden, Ariz.” by 
Henry W. Franz, Kennecott Copper Corp. 


® “FluoSolids Roasting at the Anaconda Property 
at Weed Heights, Nev.” by Henry R. Burch, The 
Anaconda Co. 

@ “FluoSolids Roasting of Bagdad Concentrates” 
by Edward S. Howell, Bagdad Copper Corp. 

O “Drying of Concentrates by the Fluidizing Re- 
actor” by George H. Roseveare, Arizona Bureau 
of Mines, and Charles H. Curtis, Duval Sulphur 
& Potash Co. 

@ “FluoSolids Roasting Practice at Giant Yellow- 
knife Gold Mines Ltd.” by John M. Mortimer, 
Ventures Ltd. and Giant Yellowknife Gold Mines 
Ltd., and Robert J. C. Tait, Giant Yellowknife 
Gold Mines Ltd. 

O “The Relative Merits of Fluidizing Reactors as 
Compared to Fixed Bed Reactors in Metallurgical 
Processing” by Joseph F. Skelly, The M. W. 
Kellogg Co. 

0) “FluoSolids Two-Stage Roasting” by Donald 
MacAskill, Dorr-Oliver Inc. 

0 “Possible Smelting in a Fluidizing Reactor” 
by Sigmund L. Smith and Fred L. Stubbs, Uni- 
versity of Arizona. 


Following the presentations, a group of panel 
experts were assembled for a round-table discussion 
and question period which completed the session. 

On March 3, the day after the symposium, the 
group enjoyed a field trip at the nearby Kennecott 
Copper Corp. facilities at Hayden, Ariz. The tour, 
guided by plant engineers, included the new $30- 
million Hayden smelter, the fluidizing reactor, and 
the reduction plant. 

Papers Available: Certain of the papers presented 
at the symposium dealt primarily with operating 
practice, and data from these papers (marked @ in 
list above) is given in condensed form in the fol- 
lowing pages. 

All the papers presented and formal discussion 
will be available through a proceedings volume 
which the university is now in the process of pre- 
paring. Interested readers should contact Professor 
Sigmund L. Smith, College of Mines, University of 
Arizona, Tucson, Ariz. The volume will cost $4. 


AT HAYDEN 


Overall Process: Kennecott Copper Corp.’s Ray 
orebody is complex and contains increasing amounts 
of nonsulfide copper which could not be recovered in 
the previous mill circuit. As a result of intensive 
laboratory and pilot plant investigations, a modified 
leaching, precipitation, and flotation (L-P-F) pro- 
cess was developed and installed at Hayden. Use of 
sponge iron produced from pyrite as the precipitant 
for the dissolved nonsulfide copper is essential to 
this process as is sulfuric acid. 

Reactor Application: At Hayden a fluidizing 
roaster or reactor is used as one step in the pro- 
duction of sponge iron from pyrite and for the 
production of strong sulfur dioxide gas for sulfurie 
acid manufacture. Final reduction to sponge iron is 
accomplished in two parallel Bruckner furnaces 
which are directly fed hot calcines from the flu- 
idizing reactor. 


The fluidizing reactor was chosen for Hayden 
since it could be fed with a pyrite slurry, a strong 
sulfur dioxide gas could be produced, hot calcines 
could be discharged directly into the reducing fur- 
naces, and the reactor could be controlled by rela- 
tively simple instrumentation and operated by 
non-technical personnel. The fluidizing reactor offers 
extreme flexibility of feed input. Operated at 40 pct 
capacity, it will still give good results in gas strength 
and in completeness of roasting or elimination of 
sulfur. 

The reactor is normally autogeneous in converting 
iron pyrite slurry to hot hematite calcines. A por- 
tion of sulfur gas from the reactor is sent to the 
contact acid plant for conversion to commercial 
sulfuric acid. The reactor is a 22-ft ID single-com- 
partment unit 14-ft high inside. Walls are lined 
with fire brick or high-alumina ramming mixtures. 
Other surfaces in contact with the hot calcines or 
gases are made of stainless steel. Normal fluidized 
bed depth is approximately 4 ft. 

Reinforced rubber hose is used for pump discharge 
piping to provide flexibility in transporting the mill 
pyrite feed slurry. There are two feed nozzles into 
the side of the reactor, one connected to each tank, 
but only one tank is feeding at any one time. The 
other tank is meanwhile being filled with pyrite 
slurry either from the thickener underflow or from 
the pyrite repulping system. The feed nozzles have 
air connections which permit atomization of the 
slurry as it enters the reactor. A water line is also 
connected to each feed gun for temperature regula- 
tion. The water is also used when it is necessary to 
clean the nozzles or feed guns. 

A low-pressure, 300-hp, 12,000-cfm centrifugal 
blower is used to supply air for fluidization and to 
support the reaction: pyrite to hematite. Filters 
placed in the air intake line insure that reasonably 
clean air is used. The amount of air used is de- 
pendent upon feed rate and grade of pyrite and is 
determined by reactor bed temperature and by the 
amount of excess oxygen in the gas stream. 

Two symmetrically located, 34%2-ft diam off-takes 
in the roof provide for withdrawing liberated gases 
and suspended solids. Each off-take feeds one of two 
identical banks of hot cyclones, each bank consist- 
ing of two cyclones in series. The partially cleaned 
gases leaving the final cyclones converge within a 
junction box. From the junction box, a portion of 
the gases is directed to the gas-cleaning units of the 
adjacent acid plant. The remainder is then conveyed 
to the main stack from which it is discharged into 
the atmosphere. If necessary all gas can be dis- 
charged through the stack. The gas ducts are made 
of stainless steel while the interior of the cyclones 
and junction box is lined with a castable refractory. 

By a system of gravity discharge pipes, also 
stainless steel, hot calcines from the reactor bed 
overflow, as well as hot suspended solids removed 
by the cyclones, are introduced into the Bruckner 
furnace. Of the total calcine feed to the furnace, 
approximately 1 pct comes from the bed overflow 
and 8 pct from the cyclone collection system. This 
percentage is not fixed but depends upon the par- 
ticle sizing of the pyrite feed. The bed overflow 
percentage would increase if the pyrite feed were to 
contain larger-sized particles. To prevent the re- 
actor atmosphere from blowing through the bed 
overflow and through the dust discharge ports of 
the cyclones, a gas seal is used. This is a stainless 
steel section of pipe containing a longitudinal parti- 


APRIL 1959, MINING ENGINEERING—415 


> 
oy 
A 
Es 


Sun up and not a 
sign of rain as the 
group met for a field 
trip to Kennecott’s 
Hayden smelter. Ca- 
nadian delegate F. 
R. Archibald of Fal- 


conbridge Nickel 
Mines Ltd. voiced 


special thanks to the 
university “for ar- 
ranging such an in- 
teresting session in 
Tucson at this time 
of year.” Tempera- 
ture: a _ defrosting 
74°. 


tion extending from the top to about a foot from 
the bottom. The partition forms in effect a U tube. 
Hot calcines are directed down one side and, by 
means of injected air, are fluidized and made to 
travel up the other side to overflow a discharge port 
located near the top of the assembly. There is also 
a pipe through which the entire bed can be dis- 
charged should this become necessary. 
Instrumentation and Control: The reactor is 
presently operated by a combination of both manual 
and automatic controls. Pulp density of the pyrite 
slurry at the several points is determined manually 
with pulp balances. The amount of fluidizing reactor 
air is selected manually and is controlled auto- 
matically at the preselected level. Bed temperature 
can be controlled either manually or automatically 
by varying the amount of auxiliary cooling water 
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Professor S. L. Smith 
pointed out that 
probably the most 
important discus- 
sions of the day’s 
symposium were 
those _ off-the-cuff 
talks among mem- 
bers during chance 
meetings. Here the 
day is being re- 
viewed by (left to 
right) A. W. Jeffers 
of Shattuck Denn 
Mining, J. J. Bean 
of Miami Copper, 
N. S. Nichols of 
Wyandotte Chemi- 
cals, and E. H. Ship- 
ley of U. S. Steel. 
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introduced into the freeboard space of the reactor. 
Pressure taps indicate the condition and depth of the 
fluid bed and pressure of the freeboard space and 
cyclones. Thermocouples relay information on 
regulation and functioning of cooling water and of 
operation of the gas seals on the bed overflow ports 
and on the cyclone calcine discharge ports. 

For start-up after prolonged shutdown, two aux- 
iliary automatic natural gas burners are used to 
bring the reactor up to operating temperatures. 
Unless the reactor has not been operated for at least 
1 hr in every 24, reactor temperatures can be 
maintained for some time. The reactor can be com- 
pletely down for about 72 hr and still be started 
without using the auxiliary burners. 

Operating Values and Records: Pyrite produced 
in the Ray concentrator has an iron content varying 
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from 34 to 46 pct, the average about 38 pct total 
iron, 2 pet copper and 10 pct insoluble matter. 
Design capacity was 180 tpd of dry pyrite. Reactor 
bed temperatures usually are held at about 1600°F 
and temperatures of at least 1350°F are required 
before the reactor can be started on pyrite feed. 
With only one Bruckner furnace operating, reactor 
feed rate is normally held between 3.0 and 3.5 tph 
depending upon grade of pyrite and gas demands of 
the acid plant. When feed rate is held at 3.0 tph and 
only one bank of cyclones is operating, about 1.7 tph 
of hot calcines are discharged into the Bruckner 
furnace. 

At present, feed rate is determined by measuring 
the decrease in level in the feed tank being used. 
This information when correlated with the pulp 
density is used as the value of the feed rate based on 
a dry specific gravity of 4.3 for the pyrite. Pulp 
operating range is between 65 and 75 pct solids. 
Normal mill feed runs about 20 pct solids. 

Gas stream analysis is performed at present by 
sampling a portion of the junction box gases and 
by using an Orsat apparatus. SO, content of the 
gases varies from 10 to about 12 pct while oxygen 
content is held between 1.5 and 2.5 pct. If no excess 
air is used in the reactor, a partial roast would 
result and the reactor products would contain 
quantities of elemental sulfur and of magnetite. It 
is also possible to determine the condition of the 
reactor by observing the color of the calcines. A 
bright reddish color indicates satisfactory operation. 
If the calcines tend to become dark or black in color, 
not enough air is being used. Too much air will 
result in loss of reactor temperatures and in ex- 
cessive dilution of the SO, gas used in the acid 
plant. 

Problems and Future Plans: Malfunctioning of the 
slurry pumps has been caused by oversized foreign 
material. The feed guns sometimes have a tendency 
to become plugged and if not corrected in time will 
cause heat loss within the reactor and reduced gas 
strength at the acid plant. Original materials of 
construction had to be replaced by materials that 
could withstand the severe abrasion of the pyrite 
slurry and hot calcines and the corrosion of the hot 
gases. The gas seals, even though constructed of 
stainless steel, are easily eroded through and this 
condition is being corrected by changes in design. 
Provision is being made for using the two banks of 
cyclones at all times and the dry pyrite repulping 
system is being redesigned. Additional instrumenta- 
tion and improved sampling methods and controls 
have been planned and will be installed shortly. 
These modifications are necessary to insure in- 
creased production, lowered costs, and smoother 
operation. 


AT YELLOWKNIFE 


Overall Process: Ore at Giant Yellowknife is 
complex and refractory to simple amalgamation and 
direct cyanidation. Improved gold recoveries have 
come through autogenous roasting of concentrates 
and cyanidation of the calcines. 

To summarize the treatment process, the ore is 
crushed, ground, classified and floated to produce a 
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Giant Yellowknife’s No. 2 Dorrco roaster. 


bulk gold concentrate. The flotation tailings are 
cyanided for additional recovery. The flotation con- 
centrates are roasted. Pyro-metallurgical oxidation 
of the compact metallic sulfide crystals to relatively 
porous oxides leaves the gold in the calcine amen- 
able to cyanidation. The calcine is treated in a 
separate leaching circuit. Leached residues are re- 
treated in a rotary kiln and the product combined 
with the flotation tailings and again cyanided. The 
cyanide circuits are conventional. 

Reactor Application: Giant first used an Edwards 
type, duplex flat-hearthed roaster in January 1949. 
Shortly afterward news of good results at other 
gold operations prompted the company to install a 
FluoSolids reactor when mill capacity was expanded. 

Modifications of the first such roaster tried were 
only partly successful and the company was again 
faced with the need for more roaster capacity to 
handle large ore reserves, which were mainly of the 
more refractory type. The No. 2 Dorrco roaster 
shown in an accompanying illustration was put into 
production in November 1958. 

At a milling rate of 960 ‘pd, the new roaster 
makes noticeably less dust than was made at 750 tpd 
with the two old roasters. 

The roaster’s 16-ft diam first-stage compartment 
is set about 5 ft higher than the second stage. Air, 
supplied by a 3700-cfm blower, enters the first 
stage through 292 club-head tuyeres. Air to the 
14-ft diam second stage is supplied by a 2100-cfm 
blower and enters through 216 tuyeres. Bed over- 
flow of both stages is 5 ft above the tuyeres. 

Four bed thermocouples are provided for each 
stage and spray water is adjusted manually using 
gate valves on the rotameters. The thermocouples 
are connected to two recorders so that temperatures 
can be read even if one unit is out of order. 

Roaster feed rates have been held at about 150 to 
155 tpd since November 28, 1958. Conclusions can- 
not be drawn on results so far but the figures below 
show approximate roasting conditions after the most 
recent temperature adjustment: 
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Feed rate, dry solids 
Stage 1 air rate 
Stage 2 air rate 
Stage 1 temperatures 


157 tpd 

3350 cfm 

1660 cfm 

1000°F, bed; 
920°F, freeboard 
1050°F, bed; 
1035°F, freeboard 
78 pet 

3 gpm 

gpm 


Cyanide extractions under these conditions are 
very encouraging. They averaged well over 80 pct 
for the first two weeks of this year. Although the 
operators note that another 50° drop in temperature 
in each stage would simulate closely their ideal 
laboratory roast, further temperature reductions will 
be approached with extreme caution. 

Calculated space velocity of the second stage 
compartment is roughly 0.6 fps, which may be too 
low for effective operation. Product examination 
shows a high degree of classification is taking place 
in the bed. Only the coarsest material overflows 
and probably 70 pct of total product is being dis- 
charged from the first cyclone. It is probable that a 
false bottom has formed, and that only about half 
the original area is active. 

About half the roaster is cool to the touch and 
the active roasting zone appears to extend about 
90° around the shell, on either side of the transfer 
point. This condition is probably aggravated by the 
location of the bed overflow pipe, which is less than 
90° removed from the feed entry point. The oper- 
ators believe the diameter of the second stage should 
be reduced and the overflow pipe and quench tank 
moved to a point directly opposite the feed entry. 

Most of the roasting seems to be taking place in 
the freeboard of the second stage. Because second 
stage temperature appears critical to extraction the 
freeboard temperature must be carefully watched. 
Stage 1 bed condition seems to be excellent. 

Dust losses appear to be moderate and probably 
do not exceed 5 pct. 

Oxygen content of the first stage flue gas is ap- 
parently a critical quantity. During a two-week 
run with first stage temperature held at 1050°F and 
the second stage at 1100°F, there were suddenly 
three days of very poor extraction. Feed analysis 
had remained consistent and there were no ab- 
normal variations. The only difference appeared to 
be that oxygen content of Stage 1 gas was recorded 
as trace for the three troublesome days. Prior to 
this it had been running 0.3 to 0.5 pct O.. 

While it is much too early to draw any positive 
conclusions, it is quite possible that optimum ex- 
traction may mean relatively short bed life. If so, 
the relative economics of interrupted production, 
and good extraction, must be weighed against one 
another. 


Stage 2 temperatures 


Slurry density, solids 
Spray water, Stage 1 
Spray water, Stage 2 


AT WEED HEIGHTS 


Overall Process: Ore from Anaconda’s Yerington 
mine is leached in an 11,000-tpd plant at Weed 
Heights, Nev., and copper recovered by cementation 
with scrap iron. One of the principal materials for 
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the process, sulfuric acid, is supplied by a contact 
plant at the property. 

Reactor Application: The FluoSolids plant at 
Weed Heights was designed to furnish SO, gas to 
a 450-ton acid plant by roasting sulfur ore mined 
at the Leviathan mine in Alpine County, Calif. 
Sulfur content of the ore crushed in 1958 ranged 
from 27 to 33 pct and averaged 29 pct. 

The plant has four separate reactor trains, each 
consisting of a Dorrco FluoSolids reactor, spray 
cooler, transfer chamber, three banks of cyclone 
dust collectors, a gas collection flue, calcine disposal 
launder, and equipment necessary for air, water, 
and temperature control. There are also a Peabody 
scrubber and four acid mist Cottrells for eliminating 
dust. Three of the reactors normally are operated 
at one time. The fourth train is available for main- 
tenance and repair. 

The reactors are steel cylinders, 30 ft high and 
20-ft diam, divided into two compartments by a 
firebrick floor 4% ft from the bottom. This con- 
striction plate contains 240 pipes which carry air 
from below the floor to the bed above it. Withdrawal 
of calcine from the reactor is controlled by discharge 
valves. 

Air for fluidizing the reactor beds and for burning 
the sulfur is furnished by four Roots-Connersville 
24x36-in. type RCDH rotary positive displacement 
blowers. These blowers are rated at 13,100 cfm of 
inlet air at 5.0 psi and are operated at 514 rpm and 
driven by 350-hp synchronous motors. By a system 
of compressed air-operated butterfly valves the 
amount of air to the reactor can be controlled. The 
main control of the amount of air entering the re- 
actors is made by adjustment of a valve which 
allows air to escape to the atmosphere. 

Four separate thermocouples take the reactor bed 
temperature in each of the four quadrants in the 
sand bed of each reactor. Another thermocouple, 
connected to a Foxboro controller actuates a valve 
which controls delivery of water to sprays in the 
dome of the reactor. These sprays automatically 
control the temperature of the reactor bed. The 
freeboard temperature is measured by a thermo- 
couple installed through the reactor wall near the 
top. Gas temperature is measured at the point where 
it enters the first cyclone by a Foxboro controller. 
This actuates a valve which delivers high pressure 
water to six sprays installed in the dome of the 
spray cooler. 

Under normal operating conditions each reactor 
train will have a bed temperature of 1200 to 1300°F, 
a freeboard temperature of 1250 to 1350°F, and a 
temperature of 980°F at the entrance to the first 
cyclone. 

A Foxboro instrument in a control room records 
the pct SO, in gas sent to the acid plant. The acid 
plant depends on the FluoSolids plant for a con- 
stant volume of uniform SO, gas. The main variable 
in the FluoSolids plant is the sulfur content of the 
ore. Experience shows that roasting efficiency 
diminishes rapidly with excessive feed rate and 
difficulties are also encountered with calcine dis- 
posal. A maximum of 9 tons of sulfur ore per reactor 
per hr has been established and if this produces less 
than desired gas strength the acid plant must change 
its settings. Sulfur content of the ore varies greatly 
from hour to hour and the FluoSolids plant requires 
constant operator attention. 

When a reactor has been out of operation for 
repairs and the bed removed, it is plant practice to 


replace the bed by dumping calcine into the top of 
the reactor by the same conveyor belt which feeds 
ore. Care must be taken that the calcines do not 
separate into coarse and fine particles. By adding 
fluidizing air as the calcine is dumped, this separa- 
tion is avoided. The calcine must also be dry to 
prevent lump formation. 

When the bed is at desired depth, 2 or 3 ft, the 
calcines are heated by propane burners installed in 
the wall of the reactors until 1000°F is reached in 
the atmosphere above the bed. When this freeboard 
temperature is attained the calcine bed is fluidized 
to make the temperature uniform throughout the 
bed. When the freeboard temperature drops to 
800°F the bed is again heated until it climbs to 
1000°F. This procedure is repeated until bed tem- 
perature is about 450°F. At this time the freeboard 
temperature is raised toward 1400°F. When all 
quadrants of the bed are between 780 and 800°F the 
reactor may be fed. 

Heat from burning sulfur in the ore is usually 
more than enough to maintain operating tempera- 
ture and water is normally used for control. Moisture 
content of the ore also affects operating temperature. 

It was found, however, that if the ore contains 
less than 22 pct sulfur, reactor operation cannot be 
maintained without additional heating. For best 
operation an ore containing not more than 35 pct 
sulfur is desirable, although ores containing 40 pct 
and more have been successfully burned. 

With a fluidized bed depth of 5 ft (reposing to 
about 4 ft when not fluidized), ore retention time is 
4% to 5 hr. Depth of the bed is measured by pres- 
sure drop across the bed and is maintained by the 
rate of calcine withdrawal. 

Calcine can be removed on two levels, one 6 in. 
above the constriction plate and the other 5 ft above. 
Normally all the calcine is taken from the bottom 
port. Use of the bottom bed drain has increased 
ability to roast much coarser material than antici- 
pated and this has cut grinding costs. 

Throughout the operation of the plant the per- 
centage of extraction of sulfur from feed has been 
98.08 pct. Normally about 575 tpd of dry sulfur ore 
is consumed. This amount of ore will make about 
400 tons of calcine of which 200 tons will enter the 
ecalcine launder from the reactor bed drains. The 
remaining 200 tons must be collected and disposed 
of in the dust collection system. In general the re- 
actors can be operated continuously for about 12 
months without major repairs. 


AT BAGDAD 


Overall Process: To convert the copper in mill 
concentrates to cathode copper by electrolysis 
necessitates a high copper, low iron, soluble calcine. 
Early attempts at Bagdad to produce such a calcine 
failed through lack of a suitable roaster and in- 
ability to closely control reaction temperatures. 
Availability of the FluoSolids roaster plus advances 
in temperature control equipment made further 
tests worthwhile. 

Reactor Application: A pilot plant was designed to 
treat 5 tpd of concentrate, containing about 26 pct 
Cu, 26 pet Fe, and 31 pet S. The roasting circuit 
had slurry mixing tanks, a Com-Bin feeder for filter 
cake, FluoSolids roaster and component parts, 
cyclone, scrubber, SO. stripper, exhaust fan and 
stack, calcine quench circuit, scrubber solution 
circulating equipment, fluidizing blower, and re- 
actor control panel. 

Lined with brick, the reactor was 5 ft ID and 16% 
ft high. A Foxboro M40 Stabilog and Dynalog 
Multi-Record provided temperature control. Air 
volumes were manually controlled by a Foxboro 
unit which gave a 24-hr record. Three thermo- 
couples were located within the fluidized bed area, 
one in the top of the reactor freeboard, one in the 
cyclone intake, and one in the scrubber outlet. Ex- 
cessive temperatures were controlled by the intro- 
duction of cooling water into the reactor freeboard 
by Stabilog control. Gas pressure taps were located 
in the reactor windbox, fluidized bed area, freeboard, 
cyclone, and scrubber. Static head of fluidized mate- 
rial above the bed pressure tap was the guide for 
maintaining bed depth. 

Top overflow calcine discharge was abandoned 
after difficulty and bottom discharge was installed 
at constriction plate level. 

Tests up to this time strongly indicated the need 
for an increase in the space rate (then 0.75 fps) to 
maintain fluidity. Leaching and electrolytic circuits 
were designed to accommodate a 5-tpd reactor feed 
and it was therefore necessary to decrease the bed 
cross-sectional area by half in order to double the 
space rate while maintaining the same fluidizing 
air volume. 


Table |. Roaster Feed Composition and Solubilities Following Roasting 


H,0- H,SO,- 


H,8O,- 
Insol., Sel. Sol. Sol. Sel 
Cu, Pet Pct Fe, 


6-10-57 15.93 33.70 34.97 13.14 95.86 99.01 


Lowest Cu 1.94 2.37 
Highest Cu 11-19-56 38.63 17.80 26.24 12.14 79.46 94.77 2.99 3.96 
Lowest Fe 11-19-56 38.63 17.80 26.24 12.14 79.46 94.77 2.99 3.96 
Highest Fe 6-10-57 15.93 33.70 34.97 13.14 95.86 99.01 1.94 2.37 
Lowest S 10-7-58 22.52 24.10 18.56 24.42 76.12 95.12 0.96 1.56 
Highest S 6-9-57 17.22 30.10 35.51 13.52 95.36 98.60 2.08 2.42 


Table II. Solubilities at Varying Roast Temperatures 


Roast 
Temper- Insoluble, H,O- H,S80,- H,SO,- 
ature, °F Cua, Pet Fe, Pet 8S, Pet Pct Sol. Cu, Pet Sel, Cu, Pet Sol. Fe, Pet 


H.O- 
Sol. Fe, Pet 


1261 27.75 23.43 28.80 14.21 94.2: 2.94 
1275 27.27 23.68 29.64 14.58 94.60 98.42 2.86 3.60 
29. 16.38 79. 1.48 


Date Cu, Pet Fe, Pet S, Pet Po 
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The increase to 1.50-fps space rate resulted in an 
increase of solids carryover to the cyclone and 
scrubber circuit, but it also eliminated progressive 
loss of fluidity within the reactor bed during 
roasting. Solids recovered by the cyclone were about 
24 pet of the reactor feed. 

The final solution to the problem of introducing 
slurry feed was a slurry gun inserted through the 
top center of the reactor shell. This placed the end 
of the gun barrel within 1 in. of the inside surface 
of the top castable lining. 

Cooling water, which had been added through the 
wall of the reactor and into the freeboard, was 
connected to the new slurry gun and served as a 
continual liquid purge. A small flow of cooling air 
was passed through the cooling jacket and vented 
to the atmosphere. In addition, a small air flow 
entered the gun barrel to encourage the cooling 
water purge. Concentrate slurry feed leaving the 
gun fell through the hot reactor freeboard and into 
the fluidized bed below. This feeding technique 
proved very satisfactory. All concentrate slurry 
entering the slurry feed tank was passed through 
an 8-mesh screening box to remove tramp material 
which would plug the feed gun. Concentrate slurry 
containing 76 pct solids was advanced to the feed 
gun by a small diaphragm pump with a variable- 
speed Reeves drive. Feed input to the reactor seldom 
exceeded 2 qt per min and proper control was im- 
portant. 

Increases in the space rate, plus a suitable feeding 
method, placed the operation on a continuous 24-hr 
basis and permitted a test program to begin. 


Table III. Screen Analysis, April 12-14, 1957 


Concentrate* 


Percent 


Screen Size Retained Cumulative 


* Cu, 27.32 pet; Fe, 24.87 pct; S, 29.34 pct; insoluble, 13.71 pct. 


Calcine** 


Percent 


Screen Size Retained Cumulative 


+ 48 
+ 65 
+ 100 
+ 150 
+ 200 
200 


** Total Cu, 22.97 pct; HyO-insoluble Cu, 94.48 pct; H.SO,-in- 
soluble Cu, 98.55 pct; total Fe, 20.23 pct; H2O-insoluble Fe, 2.47 
pet; H»SO,-insoluble Fe, 3.26 pct 


Leached Residue*** 


Percent 


Screen Size Retained Cumulative 


1.20 

6.20 7.40 
33.00 40.40 
27.80 68.20 
13.30 81.50 
18.50 100.00 


*** Cu, 1.04 pet; Fe, 48.87 pct (calculated); insoluble, 27.76 pct 
(calculated). 
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Rarely did two consecutive test batches of con- 
centrates contain the same component percentages. 
Concentrates varying from a low of 15.93 pct to a 
high of 38.63 pct Cu were satisfactorily roasted by 
changing fluidizing air volumes and feed rates. 

Table I shows the minimum and maximum copper, 
iron, sulfur, and insolubles percentages of the 
roaster feed as well as the resulting solubilities in 
water and dilute sulfuric acid. 

Percentage of water-soluble copper in the calcine 
was affected to a larger extent by the copper-sulfur 
ratio of the concentrate feed than was the percent- 
age of H.SO,-soluble copper. Concentrates contain- 
ing progressively less sulfur than copper would 
produce a calcine containing progressively less 
water-soluble copper while maintaining a + 95-pct 
H.SO,-soluble copper. Calcines produced from high 
sulfur and lower copper concentrates would nor- 
mally yield a water-soluble copper content of 90 to 
95 pct and an H.SO,-soluble content of 97 to 98 pct. 

Roasting temperature controlled copper and iron 
solubilities. Temperatures of 1300°F and higher, 
while decreasing iron solubilities, would greatly 
lower water-soluble copper and also be reflected in 
the percent of total soluble copper. 

Roasting temperatures from 1270° to 1280°F were 
considered best for production of a high-water, 
H,SO,-soluble copper calcine while also holding 
iron solubility toa minimum. See Table II. 

Table III represents screen analysis of the con- 
centrate feed, calcine, and leached residue produced 
for a three-day period and includes data on copper 
and iron solubilities of the calcine. 

Subjecting the copper sulfide to copper sulfating 
roast introduces bed conditions very different from 
the oxidation roast of chalcopyrite or pyrite. 

The relatively large percentage of copper sulfate 
within the fluid bed demands sufficient space rate 
for satisfactory fluidity within the bed. As previously 
mentioned, insufficient space can result in complete 
loss of bed fluidity. Loss of power, equipment failure, 
etc. may at times result in forced or intentional 
defluidizations. Loss of reactor time affects the 
entire operation as the leach circuit and tankhouse 
are dependent upon calcine production. 

Inability to refluidize the dormant bed will re- 
quire partial or complete removal of the bed mate- 
rial. Complete removal of the defluidized bed must 
be followed by a preheating and bedding operation 
before normal operation can resume. 

Copper sulfate, with a melting temperature of 
392°F, is the major bed preparation problem. This 
material imparts a tacky condition to the calcine 
particles and lack of sufficient movement permits 
these particles to cling together. The bed can be 
refluidized only if the shocking force of the refluid- 
izing air is strong enough to break the calcine bond. 

Addition of ferric oxide tail material to the fluid 
bed results in a coating of the tacky calcine particles 
and was found fairly successful in permitting re- 
fluidization. 

The most successful bed preparation technique 
involved oxidation of surface copper sulfate to 
copper oxide, thereby destroying the tacky coating. 
This was accomplished during a period of no feed 
entry, with the bed fluid, and while temperature 
was maintained by injecting fuel oil through a bed 
oil gun. A 2-hr oxidation period was found long 
enough for a 30 pct copper concentrate feed, pro- 
ducing a 90 to 94-pct water-soluble copper calcine. 


4 
+48 1.20 
+ 65 6.35 7.55 a 
+ 100 11.20 18.75 
+ 150 13.00 31.75 ; 
+ 200 10.40 42.15 Ps 
200 57.85 100.00 
27.90 
17.80 45.70 
21.10 66.80 
20.10 86.90 
9.10 96.00 
4.00 100.00 
+ 48 
2 + 65 
+ 100 
+ 150 
+ 200 
200 
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SAND DEPOSITS OF 
TITANIUM MINERALS 


by J. L. GILLSON 


A world survey of processes as illustrated by Indian deposits. 


istorically, rock deposits and sand deposits of 
4 titanium minerals came into production about 
the same time, although there may be some argu- 
ment as to what is meant by production. Beach de- 
posits of heavy minerals in India (Figs. 1-4) and 
Brazil (Figs. 5) were worked for monazite about the 
turn of century, but as there was then no market for 
titanium minerals, these were thrown away. The 
rock rutile deposits at Roseland, Va., Fig. 6, were 
worked to supply rutile for titanium chemicals and 
for coloring ceramics long before there was a tita- 
nium pigment business. The pigment industry 
started about the middle twenties, both in Europe 
and the U. S., and almost simultaneously the rock 
deposits at Ponte Vedra Beach near Jacksonville, 
Fla., were worked for titanium content. 

Since those days, production from both types of 
deposits has continued to grow at a rapid rate; many 
deposits of both types have been found, and reserves 
have grown to very large figures. In total tonnage of 
reserves, there is no doubt that the rock deposits are 
far ahead of the sand deposits; nevertheless there 
is a very large tonnage of commercial sands avail- 
able. It is the quality of titanium mineral in the sand 
and the relatively lower costs of operating sand de- 
posits that have kept them abreast, at least in an- 
nual tonnage produced, with the rock deposits. 

The principal titanium mineral used is ilmenite, 
but as soon as that mineral began to be sought as a 
titanium ore, it was obvious that there are ilmenites 
and ilmenites. Textbook ilmenite should have the 
composition FeOTiO, and should analyze 52.6 pct 
TiO, and 36.8 pct iron as Fe. The Indian ilmenite, 
for almost a generation the standard ore for manu- 
facturing pigment in the U. S., was found to analyze 
about 60 pct TiO. and only 24 pct Fe, and most of 
the iron is in the ferric condition. The whole process 
of pigment manufacture in the U. S. was built up on 
the use of a raw material of that grade, and the 
American chemical engineers who operate the pig- 
ment plants shuddered at the thought of using a 
rock ilmenite with 45 pct or so of TiO, and nearly 
40 pct Fe. 


J. L. GILLSON, Member AIME, is Chief Geologist, E. 1. du Pont 
de Nemours & Co., Wilmington, Del. Manuscript, May 1, 1958. 
New York Meeting, February 1958. TP 4799H. AIME Trans., Vol. 
214, 1959. 


Intensive search was made around the world to 
find other deposits of rich black sand, like the 
Indian beaches, but although a few were found, 
there was some objectionable feature about each. A 
deposit in Senegal, south of Dakar (Fig. 7), was 
worked for a while, but an organic coating on the 
grains made attack by acid difficult. Modern practice 
would have included a scrubbing operation, in a 
caustic soda bath, to eliminate the organic coating. 
Brazilian deposits were numerous, but individually 
small, and shipping from them difficult. Deposits 
on the east coast of Ceylon had many attractive 
features, but the ilmenite analyzed only 54 pct TiO, 
and could have been used only with a penalty. Sand 
deposits with 2 pct ilmenite, like those now worked 
in Florida, would not have been considered com- 
mercial ore, even if they had been known at that 
time. 

Most rock ilmenites are associated or mixed with 
hematite or magnetite, which accounts for the lower 
titanium and higher iron values than in the sand 
ilmenites. The Norwegians, English, and Germans, 
with cheap Norwegian rock ore at hand, learned to 
install in their pigment plants adequate capacity 
on the black side, as it is called, and counterbalanced 
the extra cost of plant, and larger amount of acid 
used, by the lower cost of ore. 

When World War II arrived, two of the largest 
pigment manufacturers in the U. S. had to learn 
how to use the Adirondack ilmenite, but one of 
them very gladly went back to sand ores when the 
Florida deposits came into large-scale production 
after the war. The other continues to use Adiron- 
dack ilmenite and finds it commercially attractive 
to do so. 

Rutile is not a raw material for titanium pigment 
manufacture by the sulfate process, since it is in- 
soluble in sulfuric acid. In addition to its small 
consumption in chemicals and ceramics it began to 
be used in quantity in welding rod coatings. With the 
outbreak of World War II, and the tremendous need 
for welding rods in shipbuilding and other struc- 
tural steel construction, rutile suddenly became in 
heavy demand. The sand deposits on the eastern 
shore of Australia (Fig. 8A) which had been 
worked in a small way since 1934 were brought into 
production, and some stream placers in Brazil were 
worked and rutile concentrates shipped to American 
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consumers. But Australia was a long way off, and 
the need for a domestic deposit was urgent. 

An elongated ridge between Jacksonville and 
Jacksonville Beach, Fla., recognized later as an ele- 
vated sand bar, had been found before the war, but 
no one had considered the possibility of working it 
for its rutile content, which was very low. 

About 1942 the Titanium Alloy Mfg. Co., a pro- 
ducer of titanium products from rutile, acquired the 
Jacksonville deposit and tried to concentrate the 
minerals in the low grade sand by froth flotation 
and magnetic separation. At the same time electro- 
static equipment was installed at Titanium Alloy’s 
research facility at Niagara Falls, N. Y. J. Hall Car- 
penter, a young man trained in ceramic engineering, 
was employed at that laboratory and worked on the 
electrostatic equipment. He was transferred to the 
Jacksonville plant to assist in the technical phases of 
the operation, including integration of electrostatic 
methods of concentration with the other equipment. 

Out in Oregon the War Production Board had ar- 
ranged with Humphreys Gold Corp. to dredge some 
beach placers of chromite ore, and to concentrate the 
sands in a gravity device just developed by I. D. 
Humphreys, one of the partners in the company. 
This was a spiral consisting of three to five turns, 
down which a slurry was caused to flow. Under 
the centrifugal action the light gravity minerals 
were thrown out toward the outside lip of the spiral, 
whereas the heavy minerals dragged bottom and 
remained in a path near the inside edge, from which 
they were drawn out through conveniently spaced 
ports. The gangue minerals whirled around the lip 
until they reached the bottom end. Thus a separation 
occurred between minerals of high and low specific 
gravity. 

Soon the shortage of chromium concentrates was 
alleviated by other producers, and the Oregon oper- 
ation was not needed. A staff member of the War 
Production Board, Dean Frasche, now with Union 
Carbide Corp., was familiar with the spiral opera- 
tion in Oregon and also with the difficulties being 
encountered in concentrating a similar sand near 
Jacksonville for its rutile values. At the suggestion 
of the WPB, Humphreys Gold Corp. was moved to 
Florida, and concentration of titanium minerals with 
the Humphreys spiral began. Today it is the key 
unit in most of the sand operations in the U. S. and 
Australia that are producing titanium minerals. 

J. H. Carpenter stayed on with the Humphreys 
Gold Corp., which has continued to operate the 
Jacksonville plant under contract for Titanium 
Alloy Mfg. Co.* He has since founded Carpco Mfg. 


* Now a part of the National Lead Co. 


Co. and has contributed more improvements to the 
science, art, and engineering of electrostatic separa- 
tion of titanium minerals and other oxide ores than 
any other man of his time. 

The Jacksonville operation demonstrated that low 
grade sand containing only 2 to 3 pct titanium min- 
erals could be concentrated successfully and econo- 
mically with the Humphreys spiral and that the 
oxides could be separated from the heavy silicates 
by electrostatic methods. This experiment encour- 
aged extensive search for similar deposits. 

Search for additional deposits of such sand ores 
in Florida and other states was begun by both 
Federal and private groups. The U. S. Bureau of 
Mines deserves the credit for discovery of Trail 
Ridge, which is probably the largest deposit of high 
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grade titanium-bearing sands yet found. Active 
search has now revealed many others, not only in 
North America but in other parts of the world. For 
a long time the search was confined almost entirely 
to marine sands of Pleistocene age, although a fossil 
placer in the Tokio sandstone of Cretaceous age near 
Nashville, Ark., has been known for a long time. 
That deposit was small and irregular, so that little 
attention was paid to coastal plain sediments until 
recently. 

In 1956 and early 1957 Cretaceous sands of Ten- 
nessee and Miocene and Pliocene sands of New 
Jersey were found to contain important quantities 
of titanium minerals. The first deposits are marine, 
the second are probably terrestrial. About the same 
time the wide-ranging uranium prospectors with 
their airborne scintillation counters picked up sai.d 
deposits carrying monazite, and some ilmenite in 
Cretaceous sands in a number of places in the Rocky 
Mountain states. Those found to date are relatively 
small and difficult to reach by transportation. 

Rutile as an important titanium ore became in 
great demand with development of the process for 
making titanium metal by reducing the chloride 
TiCl4. Titanium tetrachloride could be made from 
ilmenite, but the consumption of chloride by the 
iron made it a very unattractive raw material. How- 
ever, rutile, with almost no iron, chlorinated readily, 
and after much effort and expense in developing 
processes and, especially, equipment to handle the 
reactive chlorine, manufacture of titanium tetra- 
chloride became big business. Many companies went 
into it, stimulated principally by government prod- 
ding and purchases of titanium metal. 

It was found also that another titanium mineral 
of uncertain composition and heritage, leucoxene, 
was desirable feed for chlorination. This was im- 
portant, since many of the sand deposits contain 
substantial quantities of leucoxene, which is of no 
value to the pigment manufacturers using the sul- 
fate process, because it is insoluble in sulfuric acid. 
Leucoxene never was acceptable to the welding rod 
manufacturers. 


Mineralogy of the Titanium Sand Deposits: Black 
sands in streams and on the beaches of volcanic 
regions are widespread and well known. Some 
beaches in these regions are very black indeed, but 
the principal black minerals are magnetite, titani- 
ferous magnetite, and black silicates, chiefly augite 
and hornblende. From such sands, it was never 
possible to produce an ilmenite concentrate of a 
grade acceptable to pigment manufacturers. The 
best known deposit of this kind is on the southwest 
shore of the North Island of New Zealand (Fig. 8B) 
where there is a tremendous reserve on the beaches 
and in the dunes along the Taranaki coast. Un- 
doubtedly the minerals were ejected as ash from 
Mount Egmont nearby. The heavy mineral concen- 
trate analyzes about 9 pct TiO. and most of it is in 
ilmenite interground with magnetite, or magnetite 
partly altered to hematite. 

Black sand concentrations, rich in magnetite, 
occur on many shores in northern latitudes. One 
such deposit is at Natashquan, on the north shore 
of the St. Lawrence in Canada. Natashquan is the 
next major river east of the Romaine, which dis- 
charges at Havre St. Pierre, where the Allard Lake 
ilmenite ores are shipped. The Natashquan deposit 
probably contains several million tons of magnetite, 
with just enough titanium to be a nuisance rather 
than an asset. 


It is not these black sands rich in magnetite that 
are titaniferous ores, but rather the sands containing 
no magnetite at all, or very little. Why none is pre- 
sent is one of the major geological factors needing 
emphasis. 

These titaniferous black sands with little or no 
magnetite are found on the shores, or in the streams 
of continental masses, and only in temperate and 
tropical zones. The minerals were concentrated out 
of granitic and gneissic rocks, following a period of 
peneplaination. Few if any of the rocks from 
which the minerals came were particularly rich in 
either ilmenite or rutile. 

The mineral composition of most of the deposits 
around the world is remakably similar, differing 
only in percentages of each mineral present. All of 
the minerals are characteristic of gneisses, granites, 
and pegmatites. They are physically hard and 
chemically resistant to attack by earth acids and 
weathering. The minerals are ilmenite, leucoxene, 
rutile, monazite, zircon, sillimanite, cyanite, anda- 
lusite, garnet, spinel (usually more than one variety), 
corundum, staurolite, tourmaline, and_ epidote. 
Patient search through scores of mounts may find a 
stray grain of xenotime, vesuvianite, or some un- 
known that is lost before it can be identified and is 
never seen again. In fine-grained deposits like those 
in Tennessee, which were obviously deposited in 
quiet water, there is some mica. Various authors 
have reported anatase present instead of rutile. This 
the writer has never seen, except in very small 
quantities, and obviously as a secondary recrystal- 
lization. 

Epidote and garnet are abundant in some assem- 
blies, absent in many. The grain size of the mineral 
is usually in inverse proportion to their specific 
gravity. Staurolite, tourmaline, garnet, and silli- 
manite are coarser than the ilmenite, zircon is fine, 
and monazite is very fine, in the heavy mineral 
concentrates. An exception is rutile, and in the 
sands of most deposits in eastern U.S. the grains of 
rutile are finer than those of the ilmenite. Presum- 
ably the rutile grains were finer than the ilmenite 
grains in the original rocks. 

Average grain size varies with the deposit and is 
an indication of the conditions of deposition. Most 
stream deposits are composed of coarser grains than 
marine deposits, and these vary through a wide 
range. The coarsest sands in a deposit considered to 
be of commercial size and grade are those in Horse 
Creek, near Aiken, S. C., which are in a delta de- 
posit. The heavy minerals at Trial Ridge, Fla., which 
are Middle Pleistocene, are much coarser than those 
in the Jacksonville deposit, which are probably of 
Wisconsin age. The latter may have been deposited 
after a longer journey from their source, the coarser 
grains having been deposited along the way. A 
deposit on a marine terrace, east of Trail Ridge, at 
Folkston, Ga., seems to be made up of the fines 
washed out of Trail Ridge. What happened to the 
coarse fraction is not known. 

The grains in the Tennessee sands, although very 
fine, show little wear, and crystal faces on many of 
the minerals are seen frequently. Zircon, usually the 
only mineral showing crystal faces, was probably 
more likely to have been formed originally in 
euhedral crystals than other minerals, and being 
hard, it has resisted wear. Monazite is found in most 
mounts in rounded grains, its hardness being only 
5 to 5.5. 

Grains in eluvial deposits are the coarsest of all. 
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Fig. 2—Ilmenite deposits of Travancore, India, are re- 
lated here to geology and physiography. Physiographic 
areas are indicated by roman numerals: I. Lowland, 
recent emergence. II. Laterite plain. III. Recently up- 
lifted intermediate plateau. IV. High plateau. V. In- 
terior plain, old age; eastern mountain face is an eroded 
fault scarp, probably thrust from the west. For the 
circled arabic numbers, read as follows: 1. Achankovil 
River formerly discharged through the Pallikal. 2. Rut- 
tenar channel passes through the wind gap at Mekkod. 
3. Anandunar channel uses the wind gap at Sungan- 
anda. 4. Laterite bluffs at Tangacheri show the old 
headland. In the mountains deeply entrenched me- 
anders and numerous high hanging valleys indicate 
recent uplift. Water falls indicate repetition of uplifts. 
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Fig. 3—Map showing the M. K. ilmenite deposits. 
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Fig. 4—Map locating the Quilon deposit, Travancore. 


Grains of nut or pea size are common in the soil in 
Hanover and Gooch counties, Virginia; Murphy, 
N. C.; Young Harris, Ga.; and Ceara, Brazil. Many 
eluvial and stream placers have been worked for 
rutile and for monazite, which has had a high unit 
value, permitting small deposits to be worked. The 
fossil stream placer in New Jersey and the delta 
deposit at Aiken, S. C., are the first river deposits 
of titanium minerals now known to be large enough 
to permit economic mining for ilmenite. Old gold 
placers in the Boise Basin in Idaho were worked 
several years ago for monazite, and the byproduct 
ilmenite was sold for pigment manufacture. 

Zircon is the one mineral of the assemblage that 
has been and is coming almost exclusively from 
these placer deposits. In fact, the large-scale pro- 
duction of titanium minerals has made zircon abun- 
dantly available and encouraged its use in relatively 
low-valued outlets, such as foundry sands. No 
shortage of zircon can be anticipated, unless un- 
foreseen uses are developed which will require very 
large quantities. 

Monazite has come exclusively from these sand 
deposits, except for one rock deposit in South Africa. 
Currently monazite is a doubtful asset in these sands 
because it commands only a small market, which 
may decrease rather than grow as thorium becomes 
available from such uranium deposits as Blind River, 
Ont., and from various carbonatites which may be 
worked for pyrochlore, but which contain thorium, 
perhaps as monazite. The presence of monazite in 
sands in India and Brazil has brought about govern- 
ment restrictions on prospecting and developing 
that may actually have reduced or prevented de- 
velopment. 

Although sillimanite, cyanite, and corundum are 
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abundant in most of these sands, there has been 
little or no production of these minerals as byprod- 
ucts, although the techniques are known and have 
been used. The markets are not large, and many 
users want a coarser grain than is found in the sands. 

Weathering of the Titanium Minerals: The leach- 
ing of the iron during weathering, with consequent 
enrichment of the mineral in titanium oxide, was 
established by Lynd and his associates.” The im- 
portance of this step in increasing the value of using 
ilmenite from beach sands cannot be over-empha- 
sized. Nearly all the titaniferous beach sands around 
the world show some enrichment of the ilmenite, 
but in only a few deposits had the process been 
carried far enough to raise the analysis of the 
ilmenite to 60 pct TiO,. In the Indian sands a sub- 
stantial part of the ilmenite concentrate has a 
brownish cast, but the grains are still strongly mag- 
netic. There is little or no leucoxene, which is recog- 
nized as a gray or white mineral that is weakly 
magnetic or nonmagnetic. In the Brazilian sand there 
is a substantial fraction of rusty-brown grains, but 
these seem to be limonite after magnetite and de- 
grade rather than upgrade the concentrate. Treat- 
ment in hot HCI dissolves them. The Florida, Ten- 
nessee, and New Jersey ilmenites contain a substan- 
tial amount of the chalky grains. What is called 
ilmenite concentrate is determined by the amount of 
current put into the electromagnets, but from those 
sands an “ilmenite” is made analyzing 60 to 63 pct 
TiO, and a “nonmagnetic” (of course, nonmagnetic 
is a relative term) fraction that analyzes from 75 to 
90 pct TiO., depending upon how much partially 
altered ilmenite was left in the product, and the 
proportion of rutile present. 

The weathering process included some activities 
that were not so beneficial to mining of the deposit. 
The sands now making up Trail Ridge must have 
been underlying swamps for a long time, and pods 
or lenses of the sand are cemented with an organic 
coating. Such hard pan must be blasted ahead of 
dredging and the chunks disintegrated by crushing. 
Grains must then be scrubbed and leached to permit 
electrostatic separation and subsequent sulfuric acid 
decomposition in the pigment plant. 

The McNary sand in Tennessee is for the most 
part uncemented, but there are layers locally called 
iron stone in which the sand is cemented by iron 
oxide, and some layers are almost as firmly cemented 
as quartzite. In most places the cemented layers are 
only an inch or so thick, but their presence demands 
a type of drilling equipment entirely different from 
that used in Florida. 

The Cretaceous sands in the Rocky Mountain 
states are typical sandstones. Had the deposits been 
of commercial size they would have required typical 
hard rock mining methods. 

Classification of Deposits: The descriptions above 
have indicated that the commercial titanium sand 
deposits vary in age from Cretaceous to recent (even 
forming at the present time) and they are eluvial, 
fluvial, and marine in origin. There is no reason why 
commercial deposits in geological ages earlier than 
the Cretaceous should not exist. Certainly black 
sand concentrations are known in earlier rocks, and 
some large enough and sufficiently accessible to be 
considered commercial may some day be found. One 
feature common to all of the deposits is that they 
occur on continental land masses; are derived 
directly, or indirectly, from granitic rocks and 
gneisses; and were formed following a long enough 
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period of peneplaination for a deep soil zone to 
have accumulated in which all of the magnetite, 
feldspar, and more easily weathered minerals had 
been decomposed. 


A classification, with some examples of each type, 
is as follows: 


Residual: With little or no_ transportation. 
Shooting Creek, N. C.; Young Harris, Ga.; 
Hanover, Va. 

Eluvial: Residual with some transportation by 
water. Rutile deposits in Ceara and in Goiaz, 
Brazil, and the Cameroons of West Africa. 


Fluvial: Black sand zones in the Cretaceous of 
many Mountain states; the sands of Ocean 
County, New Jersey. Miocene and Pliocene. 
Delta deposits in Horse Creek, near its mouth 
and junction with the Savannah River. Pleis- 
tocene. Rutile and monazite deposits of the 
Carolinas, black sands in sand bars of major 
rivers such as the Arkansas. Recent. 


Marine: In most cases reconcentrated from pre- 
viously formed sediments, rather than directly 
from the granitic soil. There are two principal 
types—offshore bars and spits and shore line 
deposits. Erosion, old or recent, has modified the 
deposits in many places. 

Most of the major deposits of the world were 
formed as sand bars or spits that have been up- 
lifted during later times. Trail Ridge was once 
a spit in the Sunderland Sea. Most of the de- 
posits along the Atlantic Seaboard were formed 
when the sea stood 15 to 75 ft higher than it 
does today. A number of shoreline deposits, 
both fossil and modern, are known in Brazil. A 
shore line deposit lies at the base of a marine 
cliff of sediments containing heavy minerals. 
The waves undercut the cliff, digesting the fal- 
len material; the heavies remain on the beach 
and the light minerals are washed out to sea. 
If the beach is wide, and only the highest waves 
of severe storms reach the marine cliff, the en- 
riched zone lies just at the base of the cliff, or 
dunes, and is called a storm line deposit. Eleva- 
tion of these has left long and narrow but rich 
layers parallel to the shore. Many, if not most, 
of the deposits along the east coast of Australia 
are of this type. If the waves of the present 
shore line reach into these elevated storm line 
deposits, a very black modern beach will result, 
particularly during a storm. Such is the Man- 
avalakurichi deposit of South Travancore. 

Aeolian: Dunes and wind-blown sand. Wherever 
there is some black sand accumulated on barren 
beaches exposed to the wind, the dunes will 
carry heavy minerals, but in most such dunes 
the medium heavies dominate over the heavier 
grains, i.e., staurolite, tourmaline, sillimanite, 
etc. are more abundant than in the marine 
sands, and the ilmenite and zircon are less 
abundant. Sometimes these dunes are very 
large, so that the aggregate tonnage is very 
considerable. The dunes at Nags Head, N. C., 
offer an outstanding example. It was from such 
dunes that the Wright brothers flew the first 
plane at Kitty Hawk. The dunes behind the 
beach at Panama City, Fla., carry up to 5 pct 
heavy mineral, but the titanium mineral forms 
only about 25 to 30 pct of the heavies. Very large 
dunes are found on Stradbroke Island, off Bris- 


bane, Queensland, although the major deposits 
there are marine, under the dunes. A large part 
of the readily mineable material on the Travan- 
core beaches is in the dunes, since the richer 
layers are below water table and are not 
readily mineable. 


Examples of Ilmenite Sand Deposition: Formation 
of sand deposits is related to the physiographic 
history of the region in which they occur. The science 
called geomorphology and the science called eco- 
nomic geology have some overlapping areas, as for 
example, in the development of the processes of 
secondary enrichment in some ore veins. However, 
most economic geologists, including the writer, 
never had had formal training in the science of 
geomorphology. Except for an elementary course in 
his early college days, and the opportunity of listen- 
ing on a few occasions to some stimulating lectures 
from that great teacher who was one of the founders 
of the science, William Morris Davis, the writer had 
little guidance in his early years of field work. How- 
ever, when the study of and search for concentra- 
tions of heavy minerals became an important part of 
his duties, he found himself much involved in prob- 
lems of peneplaination, stream piracy, drowning of 
river valleys, and emergence of old shore lines and 
offshore sand bars. 

The search for black sand deposits along the U.S. 
Atlantic Seabord involves a study of the Pleistocene 
stages of glaciation, particularly in the interglacial 
epochs; it was during those times that the ocean 
levels were high because all or much of the ice was 
melted, and the water once locked up in continental 
ice sheets was returned to the ocean in liquid form. 
Sand bars and old shore lines then formed are now 
found above the sea level, since much water is still 
tied up in Arctic and Antarctic ice. It is a very pro- 
vocative thought that interglacial periods of the 
middle Pleistocene were longer in duration than the 
period since the last withdrawal of the Wisconsin 
ice sheet, and the climate was warmer than it is 
today. There is still a very large amount of ice at 
both polar caps, and on the Greenland plateau. It 
can very seriously be wondered whether the present 
epoch is not just another interglacial one. No one 
now living, nor those engaged in long-range plan- 
ning, must lie awake nights worrying about the 
matter, since these climatic changes occur very 
slowly, and the processes are measured in thousands, 
rather than in tens or hundreds of years. 

Russell” has summarized the evidence of many 
glacialogists who agree that changes in ocean level 
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Fig. 5—Sand deposits of titanium minerals in Brazil. 
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resulting from maximum advance of the glaciers— 
when about 30 pct of the land surface was covered 
with ice—-to complete melting varied from 300 to 
600 ft. Flint’ gives 400 ft as the maximum lowering 
of ocean level. There have been other changes in at 
least post-Cretaceous times that are too great to be 
explained by climatic changes that have stored more 
or less water in continental glaciers. There are the 
flat-topped submarine mountains called guyots 
found by Hess“ and described in a memoir by 
Hamilton.” The eroded tops of these guyots are as 
much as 4000 ft below the present ocean level. 
There are continental shelves around most of the 
continents, and across them are the seaward con- 
tinuation of major valleys, like the Hudson, Dela- 
ware, and Susquehanna. The edge of the shelf off 
the eastern U.S. lies at 100 fathoms. There are many 
submarine valleys, like those off the California 
coast, off Japan, Ceylon, and in the Mediterranean. 
These are over 1000 ft down, some much deeper. 
There are the steep canyons along the front of the 
continental shelf of the U.S., which Kuenen” calls 
the “New England type.” They continue down to 
1500 fathoms. 

It is not the purpose here to try to explain these 
profound changes in level. In fact, no one has yet 
had much success in explaining them. 

Shepard”, in his closing paragraph of a book of 
338 pages on submarine geology wrote, in 1948: 


The fact that the evidence is world-wide and comes 
from stable and unstable areas alike, naturally leads 
one to suspect changes of sea level as the cause. On the 
other hand the magnitude of displacement which seems 
to be required causes much hesitation in the acceptance 
of such a conclusion. Still greater difficulty appears to 
lie in the path of any conclusion that the continental 
margins and ocean basins have been undergoing tre- 
mendous oscillations in comparatively recent geologic 
times, and especially, that they have all now been 
submerged. This is a serious predicament and requires 
much thought and still more investigations in the field. 
Whatever we find, the indications are that something 
has been radically missing from our knowledge of 
past geologic conditions. 


Landis,” in his retiring address as vice-president 
of Section E of the AAAS, suggested in all serious- 
ness in 1951 that these great changes in ocean level 
were caused by profound changes in the level of the 
bottom of the oceans, particularly the Pacific. He 
postulated some sort of a tremendous graben into 
which tens of thousands of cubic miles of ocean 
water conveniently entered, like pulling the plug in 
a bath tub. This lowered the ocean and caused 
erosion of the guyots. Later this graben was filled 
or re-elevated, and the ocean level came back up 
where it had been. No one seems to have paid much 
attention to this idea, but at least it fits many of the 
facts much more closely than some other ideas that 
have been offered to explain these profound changes 
in level. 

This world-wide submergence and drowning of 
old river valleys comes into the discussion of the 
origin of many of the ilmenite deposits, particularly 
those in India, as will be explained on a later page. 
Almost certainly out on the continental shelves are 
submerged sand bars as large and as rich in heavy 
minerals as those known on shore today, but we 
would not know how to work them, even if we 
could find them. 
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Although not pertinent to the problem under con- 
sideration, the thought that the whole maritime 
existence of the peoples of this earth would have 
been vastly different if this drowning had not oc- 
curred is also very provocative. Certainly, if the 
last major movement had been emergence, rather 
than submergence, we would have no capacious 
harbors and estuaries to provide havens for our 
shipping. There would be no great harbor at New 
York, Norfolk, San Francisco, Rio de Janeiro, or 
Sydney, no deep estuaries like the St. Lawrence, 
Delaware, Thames or La Plata where cities could 
develop far inland as major ports for world-wide 
shipping. All would have been like Los Angeles, 
Lima, or Valparaiso, where such harbors as exist 
are man-made extensions of the protection of a 
headland, or entirely man-made as at Chicago, 
Toronto, Cleveland, or Atlantic City. 

The series of Pleistocene terraces and shore lines 
are identified along the Atlantic Coast of the U.S. 
by names of localities where they are well marked, 
as cited by Cooke.® They range in height from 275 ft 
down to 25 ft. The implication that the water levels 
were lowered in step-like progression was not the 
case, for there were five major advances of the ice, 
with long interglacial epochs. In fact, the inter- 
glacial epochs were much longer than the glacial. 
Some features formed in an early interglacial level, 
when much or all of the ice was melted and the 
water was back in the seas, may have been destroyed 
in the next interglacial epoch. 

The world-wide level of about 25 ft found by 
Daly’ is probably a level established in a mid- 
Wisconsin interglacial period called Pamlico. The 
most important ilmenite sand deposits connected 
with that stage are probably those in Brazil, 
Australia, West Africa, South Africa, and the lower 
ones in Florida and Georgia. However, the low- 
lying flat surface or marine terrace is a most im- 
portant feature that has provided suitable sites for 
many of our major cities. At no place is this more 
striking than at Rio de Janeiro where that great 
city sprawls around the base of mountains rising 
sheer above that terrace. Had there been no marine 
terrace above the water, there would have been no 
room for the city. Except for Beacon Hill, Boston is 
another good example, as is Philadelphia. 

If and when all of the ice now in Polar regions 
melts, the sea level will rise about 100 ft (Flint® 
says 165 ft), which will be a little hard on those who 
are then inhabitants of those cities. Of course, it 
will take place gradually. The severe destruction 
caused by high tides along the Dutch and English 
coasts a short time ago resulted perhaps from the 
general glacial retreat which has taken place in the 
last 50 years and which has raised the ocean level 
perhaps one foot. 

The relation of sand deposits to these physio- 
graphic changes has been described earlier by the 
writer” * for deposits in Brazil and in Florida. 
The important deposits of Travancore in relation to 
changes in sea level were described briefly by the 
writer” in the second edition of the volume Industrial 
Minerals and Rocks. Opportunity is taken here to 
expand the previous brief description and to illus- 
trate the changes with maps. Tilting seems to have 
been effective in Travancore, but not in these other 
localities. 

The Indian Ilmenite Deposits: The former native 
states of Travancore and Cochin, once ruled as 
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Fig. 6—Sand deposits of titanium minerals in the U. S. 


princely states by Maharajas, have now been com- 
bined into the Indian state of Kerala. This state 
forms the southwest tip of the Indian Peninsula 
(Fig. 1) and is joined on the east and north by the 
state of Madras. The southernmost tip of India, 
Cape Comorin, lies close to the eastern boundary of 
the state at its south end. The state faces the Arabian 
Sea, and the coast had been known long to Venetian 
trader and Portuguese explorer as the Malabar 
Coast. Then the Dutch came and stayed for a 
hundred years, but then traded their holdings in 
India to the British for the Spice Islands and Java, 
Borneo, and Sumatra. The era of the British in 
India, like the Dutch in the East Indies, has just 
closed, but this is not a political dissertation in the 
reiative importance of Travancore as a source of 
titanium minerals. 

A visit to that section of India shows that is con- 
sists of several physiographic provinces (see Fig. 2). 
There is a coastal strip of recent emergence, marked 
by an inland waterway. Like its counterpart along 
our eastern coast, this waterway is made up of dug 
canals connecting estuaries and the lagoons and 
channels between the barrier beaches and the main- 
land. Inland from the coastal strip, with its coconut 
palms, is a laterite plain of poor soil, planted mostly 
to mandioca. Wherever water runs in ditches on that 
plain, the black minerals settle out in heavy deposits. 
The erosion of that laterite is the source of the black 
minerals on the beach and the sand bars. 

Inland from the laterite plain is a deeply dis- 
sected plateau with an erosion surface shown as 
remnants on the ridges at around 1000 ft. This is the 
rubber-growing country. 

Further inland is the mountain ridge called the 
Western Ghats, a high and old erosion surface, the 
drainage of which is entirely unrelated to the 


modern streams working headwards from the coast. 
This plateau in Travancore stands at elevations of 
5000 to 6000 ft; further north it is higher. Where 
the streams from the coast have worked back to 
intersect the old mature drainage of the high 
plateau there are most spectacular waterfalls with 
drops of hundreds of feet. Since this high plateau 
receives a high precipitation, of hundreds of inches 
per year, these falls present great potential of water 
power. Some initial development of the falls has al- 
ready taken place at the Periyar Lake, shown on 
Sheet 58 G/2 of the Indian Survey. This high 
plateau is the tea-growing country. 

The east face of the high plateau is even more 
abrupt than the west. The writer believes it is an 
eroded fault scrap, probably an overthrust, pushed 
from the west. To the east stretches the wide Madras 
plain—a surface of old age. 

The rocks of the plateau country are basic 
gneisses, given Scandinavian names, but American 
petrologists would call them simple gabbro or 
diorite gneisses. Intrusive (?) into these are 
garnetiferous granites or granite gneisses. There is 
no question that the ilmenite (and the other heavy 
minerals of the beach sands) came originally from 
these rocks, but were concentrated first in the red 
soil of the laterite plain. During the long period of 
tropical weathering that formed the laterite, any 
magnetite present was converted to limonite and 
the minerals of poor chemical stability, such as the 
feldspars and pyroxene, apatite and amphiboles, 
disappeared. 

It has been stated above that these deposits sup- 
plied the bulk of the titanium ore used by American 
pigment plants prior to World War II. Even now 
more than 200,000 tons of ilmenite are shipped 
annually to the U.S. and additional substantial ton- 
nages to France, Italy, and Japan. 
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The black sand deposits occur at two places. The 
southernmost deposit (Fig. 3), one no longer 
worked, is near the southern end of the coast, close 
to a village called Manavalakurichi, a name abbre- 
viated to M.K. for rather obvious reasons. The 
northern deposit, which has been worked since 
about 1933, extends along the coast for 15 miles 
from the Neendakara Estuary to Kayankulam Bar. 

The two deposits have more differences than simi- 
larities. The ilmenite in the M.K. deposit analyzed 
only 54 pet TiO., and the sand was rich in garnet 
and monazite. The ilmenite in the Quilon deposit 
analyzes about 60 pct TiO,. The sand carries almost 
no garnet, and the monazite content is high in only 
two sections of the beach later described. 

The M.K. deposit consisted of buried seams of 
rich black sand at or just above the present ocean 
level, and the beach sands that were rich only when 
the monsoon storms sorted out the light minerals 
from the heavy ones. The deposit lies in a cove 
between the headland at Muttam and a smaller one 
cut in the laterite at Kolachel, as shown on Indian 
Survey Sheets 58 H-4 and 58 H-8, surveyed in 1918- 
1919. 

The localization of the deposit at that particular 
place, and its character, can be explained after a 
careful study of the geological and geomorphological 
history. The deposit is on the sea side of an embay- 
ment between the granite hills that reach elevations 
up to 500 ft north and northeast of Kolachel, and the 
outlying mountain mass, east of Padmanabhapuram, 
called the Bhutapandi Hills, that rise abruptly to 
over 3000 ft. This embayment is a rather deeply 
eroded laterite terrace, the remnants of which lie 
just about at the 200-ft contour. Since this laterite 
carries abundant ilmenite and the other minerals of 
the coastal sands, there is no doubt that the inter- 
mediate source of these minerals is this laterite, 
just as the Brazilian and Florida deposits came out 
of Tertiary sediments. The dissection of this laterite 
terrace could not have resulted from the streams 
flowing in it today. The Valliyar, which discharges 
at the east end of the deposit, is a puny sluggish 
stream and does not even reach back into the head 
of the very valley in which it flows. The next valley 
to the east, at the mouth of which are the Rajak- 
kamangalam salt flats, has no permanent stream at 
all. A study of the larger streams up country shows 
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Fig. 7—Sand deposits of titanium minerals in Africa. 
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that a beautiful case of stream piracy is recorded. 
The Tambraparni, which is the downstream name 
for the very large Kodayar, captured the Paralar, 
leaving a wind gap at Mekkod, probably in Tertiary 
time. More recently, with uplift, but before the 
Paralar was captured and its seaward end diverted 
north, dissection of the laterite plain occurred, and 
the products of erosion were carried to the sea. 
Some of the heavy minerals may have remained 
about where they fell, but the quartz sand was 
carried away by alongshore currents (probably to 
the northwest). As emergence continued, waves 
attacked the laterite and made storm line deposits 
at the top of the beach, generally called the berm, 
by washing away the light gravity minerals and 
leaving the heavy where they fell. With further 
emergence, these storm line deposits were buried 
by wind-blown sand. These are the “buried” seams 
worked actively by the Hopkin-Williams Travan- 
core Ltd. from about 1902 to 1935. The overburden 
was stripped off by hand, but as the sand of the 
overburden carried considerable ilmenite and mona- 
zite, all of it was put through the plant, which was 
called a factory. 

The monsoon storms drove the beach back and 
produced very rich beach deposits, by the destruc- 
tion of the buried seams that became exposed under 
the fury of the waves. After nearly 30 years of 
operation, the buried seams were about exhausted 
and there was nothing more for the waves to con- 
centrate. 

Before leaving the description of the M.K. de- 
posits, it is interesting to recall how an old theory 
of the early operators—that the ilmenite washed in 
from the sea—was quickly disposed of by determin- 
ing that the ocean bottom only a few hundred feet off- 
shore is composed only of coral rock. The writer 
engaged a pearl diver, who dived from a dugout 
canoe at numerous places along the shore line, trying 
without success to scrap bottom sand into an empty 
can, but finding only rock. As the water was shallow 
for a long way from shore, the lowest depth reached 
was 30 ft and the longest dive 55 sec. 

The northern beach (Fig. 4), called the Quilon 
deposit, is not only very much larger and with an 
ilmenite of better quality, but is also of a different 
genesis from the one at M.K. Obviously the emer- 
gence there has not been so great, suggesting that the 
south Indian coast has been tilted, with greater move- 
ment to the south. Back from the M.K. beach are 
elevated beach cliffs above the 50-ft contour. At 
Quilon, the river mouths are still deep estuaries, and 
for miles inland from the barrier beach that is the 
ilmenite deposit, the land is so low that it is flooded 
widely during the rainy season. 

A barrier beach is like the ones at Miami, Atlantic 
City, Coney Island, or along the Texas Coast. It is 
an elevated offshore bar, and what was formerly 
deep water between bar and original mainland is 
now a lagoon, used as an inland waterway, as along 
the Atlantic and Gulf Coasts of the U.S. 

The low-lying flat, now densely covered with 
coconut palms, was a laterite plain formed on de- 
tritus brought down by the major streams, the Pu- 
nalur and the Pallikal. The drowning of the valleys 
during submergence terminated the discharge di- 
rectly into the sea, so that the sands now making 
the barrier beach were brought down before the 
submergence. That the sands did not move very 
far is shown by the mineral composition and grain 
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Fig. 8a—Sand deposits of titanium minerals, Australia. 


size of the sands at Neendakara estuary and at 
Ponmana, which is obviously the original point of 
discharge of the Pallikal River, until it was cap- 
tured by the Achankovil and diverted north. The 
coarser grains, and the concentration of the heavier 
minerals like monazite and zircon, are more abun- 
dant near the point of discharge of these major 
rivers. 

The enrichment of heavy minerals in the off- 
shore bars was done by ocean currents moving 
north parallel to the coast, as the writer has de- 
scribed“ for the Brazilian and Floridian deposits. 
Heavy minerals moved shorter distances, and the 
lighter minerals were carried on, probably most of 
them for miles beyond the enriched zones. As emer- 
gence occurred, the heavy surf broke on the bars, 
and the waves picked up the minerals of lighter 
gravity and carried them across the bar and into 
the deeper water on the land side. Hence the bar 
acted like the riffles on a Wilfley table. Further 
elevation made a beach out of the bar, and storm 
line deposits were developed on the berm by the 
highest waves. With further emergence these storm 
line deposits were covered by dune sand. So much 
black mineral was available that the dunes carry 
as much as 50 pct heavies. Destruction of the dunes 
by advancing waves formed rich concentrations on 
the beach. For years one company, Travancore 
Minerals Co. Ltd. (now Travancore Minerals Pri- 
vate Ltd.) worked the beach concentrations, while 
three others have worked the dunes and buried 
seams. 
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That emergence is continuing is suggested by the 
writings of Marco Polo, who waited out a monsoon 
in Quilon in the late 1200’s until he could embark 
on a Chinese junk for Cathay. He reported that a 
ship carrying 700 people was in the harbor. Today 
only a dugout canoe can get into Neendakara es- 
tuary, if the boatman is careful to ride in with a 
big roller. 

The ilmenite mining and concentration has been 
described recently by P. Viswanathan,” * who is 
the plant manager for the Travancore Minerals 
Private Ltd. 

The concentrating plants are located at Chavara. 
The products are shipped from Koviltottam, first 
in canoes launched through the surf, each canoe 
carrying 20 bags of concentrate. The bags are trans- 
ferred to sailing lighters called dhonies, which sail 
out to the steamers, anchored four miles off shore. 

The sand is mined by hand tools, transported in 
baskets carried on the heads of boys to the inland 
water way, and moved down in bulk to the con- 
centrating plants in canoes called wallums. 
Densely populated villages like Cheriyalikkal,* 


* Estimated population 30,000. 


shown in Fig. 4, restrict the section of beach and 
dune land available for mining. 

Unless and until dredges are used for mining, re- 
serves below sea level are unavailable. The titanium 
minerals lying above water table, and in open land 
between villages, are measured in only a few mil- 
lions of tons. 
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ACTIVATION AND DEACTIVATION STUDIES 
WITH COPPER ON SPHALERITE 
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Fig. 1—The abstraction of copper (with 30 min agita- 20 40 60 80 100 
tion, 74 ml solution) by 5 g of 65/100-mesh sphalerite. OF 


Fig. 2—Copper uptake shown as a function of the added 
copper and of agitation time. 
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Fig. 3—Deactivation of Cu’*’-activated sphalerite with 
sodium cyanide at pH 9.0 (5 g ZnS, 2» moles Cu’, 
74 ml solution, preceded by 30 min activation. The 

dotted line represents the data for simultaneous agita- Fig. 4—Partition of copper between solution and sphal- 
tion with CuSO, and NaCN for 1 hr and 4 hr. erite as a function of the addition of deactivating agent. 
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Experiments with Cu 64 indicate sphalerite activation to be a chemical ex- 


change of Cu” for Zn™ in the sphalerite lattice. This exchange is rapid until 
three layers of Zn” have been replaced, after which the exchange is con- 
trolled by the parabolic rate law. Deactivation results from the sequestering 
of copper ions in solution. However, to approach the requisite value of 
[Zn*]/[Cu™] or [Zn™]/[Cu']* in solution, the copper complex must be 


ctivation of sphalerite with copper salts has long 
been thought of as a chemical reaction of the 
following form: 


ZnS + = CuS + Zn” 


Early experimentation’* showed that the reaction 
seemed to be stopped by the coating of insoluble 
copper sulfide, but since the analytical methods 
were crude, it was only surmised that the reaction 
could proceed by diffusion. Probably the most con- 
clusive evidence for reaction (Eq. 1) was obtained 
by Cooke,‘ who found a stoichiometric replacement 
of Zn** by Cu” after 50 days’ reaction at about 
100°C. Cooke also found the sphalerite to be covered 
with a rather thick coating of covellite, which in- 
dicates that activation is a continuing replacement 
of Zn** by Cu” rather than diffusion of Cu** through- 
out the sphalerite lattice. However, the occurrence 
of diffusion at high temperatures has been ob- 
served.” ° 

It was postulated that copper-activated sphalerite 
can be deactivated by removing the copper film 
from the sphalerite surface through the formation 
of the cupro-cyanide complex in solution,’ but this 
hypothesis was never proved experimentally. Recent 
experimentation on the activation of sphalerite with 
Ag* showed that uptake of Ag* was controlled by a 
logarithmic rate law and that the cyanide ions 
prevented activation by controlling the ratio [Zn**]/ 
[Ag*]’ in solution.’ Thus, for the copper-sphalerite 
system, deactivation or prevention of activation 
must depend on the effectiveness with which a 
compiexing agent controls the ratio of [Zn*‘*]/ 
[Cu**] in solution. 

The general objective of this article is to present 
a study of the principles upon which the activation 
and deactivation of sphalerite depend. The experi- 
mental approach to this investigation was twofold: 
1) the factors controlling the activation of sphale- 
rite by copper ions were studied at room tempera- 
ture, using Cu 64 as radio tracer; 2) the principles 
of the deactivation of copper-activated sphalerite 
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considerably more stable than the corresponding zinc complex. 


with various complexing agents were investigated, 
using Cu 64 and C 14. 


EXPERIMENTAL MATERIALS AND METHOD 

Materials: The 65/100-mesh fraction of crushed 
sphalerite from Ottawa County, Oklahoma, was 
cleaned with the Frantz isodynamic magnetic 
separator and the Haultain superpanner. After it 
had been leached with a 3 pct hydrogen peroxide 
solution, the sphalerite was washed repeatedly with 
distilled water and dried at room temperature under 
water-aspirator vacuum. Vacuum flotation tests 
confirmed that the mineral surface was free of oily 
contaminants. The specific surface of the product 
was found to be 370+10 cm’*/g, as measured by the 
krypton gas-adsorption apparatus. Chemical analy- 
sis of the sample gave the following results: 64.9 
pet Zn, 32.4 pct S, 0.4 pet Fe, and 0.04 pct Cu. 

Pure crystals of covellite (from Butte, Mont.) 
were wet-ground in a porcelain laboratory ball mill. 
The ground material, which was cleaned by repeated 
washing with distilled water, was found to have a 
specific area of 6100 + 100 cm’/g. 

For each series of experiments, Cu 64 was pre- 
pared from electrolytic copper sheet bombarded for 
1 hr with deuterons in the MIT cyclotron. Cu 64, 
which has the relatively short half-life of 12.8 hr, 
decays with emission of 1.35 Mev gamma radiation." 
Purification of the Cu 64 was accomplished by elec- 
trolysis in acid medium, resolution in sulfuric acid, 
and evaporation to dryness as copper sulfate." The 
copper sulfate residue was then diluted with water 
to give a stock solution of known concentration. The 
purity of the radioactive copper was confirmed by 
measurements of its half-life. 

Radioactive Zn 65, which has a half-life of 250 
days, decays with emission of 1.11 Mev gamma 
radiation.. Marked zinc acetate solutions were 
prepared with the addition of a few drops of Zn 65 
solution to inert zinc acetate. The amount of Zn 65 
added was negligible compared to the inert zinc. 

Sodium cyanide marked with C 14 was synthe- 
sized by Tracerlab Inc., Boston. 

Reagent-grade chemical compounds and conduc- 
tivity water were used for all solutions and tests. 
The water was deoxygenated by passing through 
pre-purified, pyrogallol-washed nitrogen for 12 hr. 

Methods: For the experiments 5 g of 65/100-mesh 
sphalerite weighed to 0.1 mg were agitated in 74 ml 
of solution. The mixture was agitated in a specially 
prepared glass-stoppered pyrex cylinder having a 
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volume of about 75 ml at 26 rpm for periods ranging 
from 5 min to 64 hr. After agitation, the mixture 
was filtered and a portion of the solution was taken 
for radioanalysis and pH measurement. The treated 
mineral was dried before the radioanalysis for cop- 
per was made. 

In the deactivation experiments, the mineral was 
first agitated with copper salt solution, the com- 
plexing agent was then added, and the cylinder was 
further agitated. To study the reversibility of the 
reaction, the complexing agent and copper were 
added simultaneously in duplicate tests. Total agita- 
tion time was 30 min unless otherwise specified. In 
each case, the total copper addition was 2 micro- 
moles and the experiments were made under nitro- 
gen. 

In the experiments on the adsorption of Zn** on 
covellite, 2 g of the finely ground covellite were 
mixed with various concentrations of zinc acetate 
for 30 min. The liquid sample was radioassayed by 
comparison with standards of known concentrations. 

All measurements of Cu 64 and Zn 65 activities 
were made on scintillation counting equipment. 
Samples of mineral or samples of solution to be 
assayed were placed in 5-ml screw-top glass vials 
which fitted into the well in the top of the scintil- 
lation counter head. The liquid sample was 2 ml 
and the solid sample 5 g. Standard polarographic 
analysis of zinc was used to ascertain the amount of 
Zn** displaced from the sphalerite surface during 
activation. 

Sodium cyanide tagged with C 14 was first con- 
verted to silver cyanide precipitate and then meas- 
ured on a beta-ray Q-gas counter. Details of the 
procedure are described elsewhere.’ 


ACTIVATION STUDIES 


Effects of Quality of Copper Added and Reaction 
Time: Using the techniques described in the pre- 
vious section, the uptake of Cu” by sphalerite after 
30-min agitation was determined for 14 different 
levels of copper addition. In Fig. 1 the Cu** uptake 
is plotted as a function of the concentration of resid- 
ual Cu" in solution. These data show that where 
small additions of copper were made, all or sub- 
stantially all of it was taken up by the mineral, 
whereas the uptake from solutions containing 
relatively large amounts of the metal was almost 
but not quite independent of the terminal copper 
content of the solution. 

Similar experiments were made again over a 
range of copper additions, the time of reactien being 
increased to 1, 2, and 4 hr (Fig. 2). Great similarity 
is shown by the results, which suggest very fast 
surface reaction followed by a much slower sub- 
sequent phenomenon. In general, the fast reaction 
seems to require approximately 2.8 micromoles for 
5 g of mineral or 0.57 micromole per gram. 

To ascertain the effect of extended periods of 
agitation on Cu" uptake, a series of experiments 
were performed in which the total copper in the 
system was maintained at 3 mg or 4.7 x 10° moles 
but the agitation time was varied from 5 min to 63 hr. 
The data, given in Table I, show that Cu** continues 
to be abstracted by sphalerite as the activation time 
is increased. 

Investigation of Factors Involving Exchange of 
Cu’ and Zn": In one case, as will be seen in Table IT, 
the stoichiometric agreement is excellent; in the 
other, it differs by only 20 pct. 
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Table |. Copper Abstracted Per Gram of Sphalerite 
(65/100-Mesh) from Solutions Containing Excess Cu” 
as a Function of Time of Agitation 
at Room Temperatures 


Abstraction, 
Time Micromoles Per Gram 
5 min 0.58* 
15 min 0.61* 
30 min 0.94* 
lhr 0.98 
2hr 1.04 
4hr 1.17 
8hr 1.26 
16 hr 1.42 
32 hr 1.73 
63 hr 2.14 


* Average of two closely checking determinations. 


Table II. Exchange of Copper for Zinc 


Total Total Amount 
Amount Detected Zn** Curr 
Cu’ Added in Solution, Displaced, Abstracted,* 
Micromoles Micromoles Micremoles Micromoles 
0 1.9 
3.0 48 2.9 28 
10.0 5.6 3.7 45 


* Measured independently. 


Because copper sulfide is 10” times less soluble 
than zinc sulfide,” excess Zn‘ should not affect 
activation in the absence of a copper-complexing 
agent. In several series of experiments, the initial 
copper sulfate concentration was varied from 4 x 10° 
to 3 x 10* molar and the zinc acetate concentration 
was systematically increased to a value greater than 
0.1 molar. As predicted thermodynamically, in each 
case Zn failed to prevent Cu” abstraction, although 
the rate was reduced slightly.” 

If the large uptake of Cu” by sphalerite is con- 
trolled by the relative solubility products of copper 
sulfide and zinc sulfide, it might be expected that 
abstraction of Zn** by covellite would be low be- 
cause this would merely be physical adsorption. 
Measurements of the equilibrium abstraction of Zn" 
by covellite show that the actual Zn** adsorption by 
covellite is 4 x 10 mole Zn" per cm* at a concen- 
tration of 2.7 x 10° mole per liter and 1.9 x 10” 
mole per cm’ at a concentration ten times greater. 
These data are similar to those obtained by Chang on 
the adsorption of Ba’ by quartz.” Thus it appears 
that the adsorption of Zn** by covellite is analogous 
to the physical adsorption of Ba** by quartz rather 
than to the chemical exchange of Cu” for Zn** by 
sphalerite, which involves a 30 to 70-fold greater up- 
take (see Fig. 2). 

Exchange Between Radioactive Cu 64 and Inactive 
Cu 63: In one pair of experiments, 5 micromoles of 
radioactive copper were first agitated with 5 g of 
sphalerite for 30 min. Then 5 micromoles of inactive 
copper were added and the agitation was continued 
for an additional 2 hr. In a second set of experiments 
the order of adding active and inactive copper ions 
was reversed. After correction for radioactive decay, 
the activity on the sphalerite was 30,700 and 30,800 
cpm in the two cases and that in the solution was 
304,000 and 297,000 cpm, respectively. This shows 
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EQUATIONS 2 


ZnS = + 

CuS = Cu” + S 

Cu.S = 2Cu' + S 

+ HCN = Cu’ + 4%C.N, + H’ 
Cu(CN), Cu’ + 23CN- 

HCN = H’* + CN" 

Zn(CN)5 = Zn* + 4CN- 

C.N, + 20H = CN- + CNO- + H.O 
Cu(NH,)** = Cu” + 
Cu(NH,).”" = Cu” + 
Cu(NH,),"* = Cu” + 
Cu(NH;,),”* + 
Cu(NH;,),** = Cu(NH;).”* + 
Zn(NH;),"* = Zn* + 
NH,OH = NH,’ + OH 

Cu(ED),."* = Cu” + 2ED 
Cu(PD),** = Cu** + 2PD 

H.ED** = HED* + H’ 

HED* = ED + H’ 

H.PD** = HPD + H’* 

HPD* = PD + H’ 

Zn(ED),** = Zn** + 2ED 
Zn(PD),.** = Zn** + 2PD 


that in both cases complete exchange occurred be- 
tween Cu 64 and Cu 63. Other experiments showed 
that this exchange takes place in less than an hour. 


DEACTIVATION STUDIES 


The equations that apply to the chemistry of the 
aqueous solutions with which this article is con- 
cerned are presented as Eqs. 2 to 29. Unless otherwise 
specified, equilibrium constants are those given by 
Latimer.” 

Deactivation with Sodium Cyanide: In aqueous 
solutions, sodium cyanide, the most commonly used 
deactivator for sphalerite, reduces Cu** (Eq. 5) with 
the formation of cyanogen. Cyanogen, produced 
during reduction of the copper, disproportionates 
(Eq. 9), but cyanogen hydrolyzes slowly compared 
to the rate of oxidation.“ Cyanide ions then complex 
Cu’ in solution.” 

In the first series of experiments using sodium 
cyanide as deactivator, sphalerite was activated 
with 2 micromoles of Cu’ for 30 min. Then the 
solution was replaced with one containing various 
amounts of sodium cyanide at pH 9.0 + 0.2; the 
pulp was agitated for 1 hr and a similar sample for 
4 hr. Another series of experiments were performed 
in which the copper-activated sphalerite was de- 
activated for 1 hr with a solution containing 2 x 10° 
M/1 zine acetate and varying amounts of sodium 
cyanide at pH 8.8 + 0.1. These data are presented 
in Fig. 3. Four-hour deactivation with 10 micro- 
moles of sodium cyanide is required for removal of 
100 pet of the copper, if zinc salts are not added. In 
this case, part of the Cu” coating on sphalerite is 
very readily removed, but removal of the remaining 
copper must be controlled by a slower step. In the 
presence of added zinc salts, however, the copper is 
completely removed by 6 micromoles of NaCN with 


THROUGH 29 


oco 
8 8 


1-hr deactivation. In Fig. 3 a dotted line is drawn to 
represent data obtained by agitating sphalerite for 
both 1 hr and 4 hr when the copper sulfate and 
sodium cyanide were mixed together at pH 9.0. In 
this instance Cu" is prevented from going to the 
sphalerite surface if 8 micromoles of NaCN have 
been added to the system. 

The uptake of Cu’ by sphalerite from solutions 
containing both copper sulfate and sodium cyanide 
at pH 6.1 + 0.1 was measured for 4, 1, 2, and 4-hr 
agitation. Since the system was found to be at 
equilibrium after 30-min agitation, only the data 
for 30-min agitation are presented in Fig. 4. 

Several experiments were made in which the 
sphalerite was agitated for 1 hr with radioactively- 
marked NaC“N. After agitation, the mineral and 
liquor were separated by filtration and the activity 
of the cake was measured, as well as its moisture 
content. In no case was there any activity on the 
mineral beyond background and that due to the 
moisture in the pores. Three experiments were also 
made in which copper sulfate and five to ten times 
as many equivalents of NaC"N in dilute aqueous 
solutions were added simultaneously to sphalerite. 
Again, activity on the solid was nil. Thus neither the 
adsorption of cyanide ion nor cuprocyanide ion can 
contribute to the deactivation of sphalerite. 

Deactivation with Aqueous Ammonia: Since am- 
monia complexes Cu”, it was thought that ammonia 
would perhaps provide a means of deactivating cop- 
per-activated sphalerite. Schwarzenbach” showed 
that five different copper-ammonia complexes exist 
in solution, none being dominant (Eqs. 10-14). 
Ammonia does not complex Cu” as tightly as 
cyanide does Cu’ and, in addition, the stabilities of 
the Cu’’ and Zn” complexes do not differ greatly. 

The effect of ammonia on preventing the activa- 
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=7x [2] 
= 8x [3] 
1x [4] 
= 2.1 10" [5] 
2.18 10 [6] 
= 4x fo” [7] 
- 1.3 10" [8] 
= 16810 [9] 
7.2 x 10° [10] 
2.3 x 10° [11] 
= 29x 10" [12] 
2.3 x 10" [13] 
= 2.8 [14] 
3.4x 10° [15] 
= 18x 10° [16] 
1.9 x 10” [17] 
= 6.8x 10" [18] 
3.2 x 10° [19] 
= 6.8 x 10™ [20] 
1.0 x 10° [21] 
= 1.7x 10” [22] 
4.2 x 10" [23] 
= 14x10" [24] 
Cu(P.O.),.= = Cu’ + 2P.0, 3x [25] 
Cu(HP.O,).- = Cu" + 2HP.O. = 8x10" [26] 
Zn(P.O;),~ = Zn* + 2P.0,* 10° [27] 
H.P.0,, = H* + 2.7 x 10° [28] 
HP.O. = + P.O 2.4 x 10” [29] 
| 


tion of sphalerite was determined by measuring the 
uptake of Cu” from solutions containing copper 
sulfate and ammonia mixed together. In these ex- 
periments the sphaierite was agitated for 30 min in 
the solutions. With the increasing ammonia addi- 
tions, the pH of the solutions was found to increase’ 
from 7 to 11.6. The data, plotted in Fig. 5, show that 
ammonia does not effectively prevent activation of 
sphalerite with Cu’. Experimental data on removal 
of Cu’ from previously activated sphalerite was 
found similar to that presented in Fig. 5.” 

Deactivation by Ethylenediamine and Propylene- 
diamine: Both ethylenediamine (ED) and propylene- 
diamine (PD) form very stable cupric chelate 
complexes” (Eqs. 17 to 24). The reaction between 
Cu” and ethylenediamine (ED) is believed to be as 
follows: 


Cu** —— 


In the case of ethylenediamine, two series of tests 
were run. In the first series activation was allowed 
to proceed for 30 min, after which solutions con- 
taining ethylenediamine were added, and the con- 
tainer was again agitated for 1 hr. In these experi- 
ments the pH of the solutions ranged’ from 6.6 to 
11.9. The data obtained are plotted in Fig. 5, curve 
A. In the second series tests were run for 30 min 
with the simultaneous addition of Cu’’ and ethylene- 
diamine. The data are plotted as curve B, Fig. 5. 
Since curve B is slightly below and to the left of 
curve A, it seems that had enough deactivation time 
been allowed in the first series of tests, curve A 
might have coincided with curve B. 


PERCENTAGE OF TOTAL COPPER ON MINE 


10-5 10-4 10-3 
TOTAL ETHYLENEDIAMINE ADDITION , MOLES 


In the case of propylenediamine, copper uptake 
was measured only when Cu” and propylenediamine 
solutions were added simultaneously and agitated 
for 30 min. In these experiments the pH ranged” 
from 6.6 to 12.1. The data obtained resemble those 
obtained with ethylenediamine, but the prevention 
of activation is somewhat more complete (Fig. 4). 

Deactivation with Sodium Pyrophosphate: Since 
pyrophosphate forms several complexes with cupric 
copper,” it was thought that it could act as a 
deactivator for copper-activated sphalerite (Eqs. 25 
to 29). Apparently the principal complex is the 
dipyrophosphatocuprate ion Cu(P.O,;).* when a 
slight excess of pyrophosphate is used, while acid 
or basic complexes are formed in acid and alkaline 
solutions. Pyrophosphate ions also complex Zn** in 
solution” (Eq. 27). 

Experiments were performed in which copper 
sulfate and sodium pyrophosphate were agitated 
with sphalerite for 30 min. In these experiments the 
pH increased from 6.5 to 9.8 with increasing sodium 
pyrophosphate. The data, presented in Fig. 4, indi- 
cate that the capacity of sodium pyrophosphate to 
prevent activation of quartz lies between that of 
ammonia and ethylenediamine. 


DISCUSSION OF RESULTS 


Activation: The experiments described in this 
work indicate that the uptake of Cu’ by sphalerite 
comprises a fast step followed by a slow one. 

An indication of how much Cu” is required to 
form a monolayer can be obtained from the crystal 
structure of sphalerite. Crushed sphalerite surface 
is composed mainly of dodecahedral cleavage faces 
(110), Fig. 6. A dodecahedral cleavage face has two 
cationic sites per unit of surface 5.42 x 7.66 A, or 
two sites for each 41.6 A’*. If it is assumed that two 
surface zinc atoms are replaced by two copper atoms, 
the possible copper uptake is one ion for each 20.8 A’. 


Fig. 5—Deactivation of Cu’'-activated sphalerite with 
ethylenediamine (5 g ZnS, 24 moles Cu, 74 ce solu- 
tion; curve A, 30 min activation followed by 1 hr de- 
activation; curve B, 30 min agitation with Cu** and 
ethylenediamine mixed). 


Table IV. Ratio of the Dissociation Constants for 
Zinc Complexes and Copper Complexes 


Complexing Agent Complex/Kc, Complex 


Propylenediamine 
Ethylenediamine 
Sodium pyrophosphate 
Ammonia 


Table III. Evaluation of the Ratios and [Zn ]/[Cu']’ for Uptake of Cu” by Sphalerite in Presence 


of NaCN 


Calculated Calculated 
Free Cu’, Free Cur’, 
Mole Per Liter Mole Per Liter 


{Cur} 


Addition, 
Mole Per Liter 


Free Zn**, 
Mole Per Liter 


Cuin 
Solution, Pct 


1.4x10- 
2.7x104 
4.0x10-5 
5.4x10~ 
8.1x10-5 
9.5x10- 
1.08x10-* 


4.1x10- 
8.2x10-" 
1.8x10- 


7.5x10- 
2.2x10-™4 
7.1x10-™ 
6.9x10-™ 
6.8x10-™ 
6.2x10-™ 
2.7x10-%4 


3.0x10-% 
3.4x10-5 
3.9x10-5 
4.3x10 
5.1x10- 
5.5x10-5 
5.8x10-5 


2x102 
5x10” 
1x10 
1.8x10-8 
1.8x10-™ 
1.7x10-4 
9.6x10-™ 


1x10” 
2x10"! 
2x10! 
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ye H 
Ha Ha Ha 2 
C-N N-C 
| | | 
C-N N-C 
He Ho Ha He 
a 
60 (A) 
60 
40 : 
20 
2.2x10° 
0 1.7x10° 
O72 3x105 
NaCN, {Zn++] 
74 Mi pH {Cu++] 
1x10-¢ 6.10 24 4x10° 
2x10-¢ 6.15 12.9 2x10° 
3x10-¢ 6.18 29.5 6x10° 
4x10-* 6.19 42.9 6x10° 
6x10-¢ 6.20 70.7 8x10* 
; 7x10-* 6.21 84.0 9x108 
8x10-¢ 6.25 92.0 2x10° ‘ 


Therefore, the number of copper ions required to 
form a monolayer on one gram of this sphalerite will 
be 0.30 micromole. Table I, however, shows that the 
amount of copper involved in rapid uptake is 0.58 
micromole, or almost exactly double this quantity. 
To reconcile these observations, it is the authors’ 
view that Cu” immediately replaces the surface zinc 
atoms at the sites labeled 1 in Fig. 6, and almost im- 
mediately after that, the partly buried zinc atoms 
at the sites labeled 2 also become involved in the 
exchange to involve a total of about 0.60 micromole 
per gram in the rapid reaction. 

However, still another layer of zinc must be in- 
volved in a fairly rapid reaction. A straight line is 
obtained by plotting the quantity of Cu’ taken up 
by the sphalerite vs the square root of time; Fig. 7 
reveals that a parabolic rate law is obeyed once the 
coating is three monolayers thick. More than 15 min 
but less than 30 min are required for the exchange 
of the third layer of zinc atoms; however, about 5 
hr are required for the exchange of the fourth layer, 
and about 18 hr for the fifth layer. After three layers 
of zinc atoms have been exchanged, the uptake of 
Cu**, y, in micromoles per gram is given as a func- 
tion of time, t, in hours by Eq. 30. 


y = 0.165 t” + 0.82 [30] 

In the formation of the copper sulfide film on 
sphalerite, it may be thought that the large sulfide 
ions are practically devoid of movement while the 
small copper and zinc ions (0.70 and 0.74 A in radius) 
diffuse from lattice defect to lattice defect, one in- 
ward, the other outward. The two diffusions must 
be equal so that the net outward current of Zn* 
equals the net inward current of Cu’. If y is the 
thickness of the film and t the time, the rate of 
transfer inward of copper ions must be equal to the 
rate of growth in thickness in film, dy/dt. But this 
mass transfer must also be proportional to the 
gradient in copper-ion concentration across the 
film K/y (or to the gradient in zinc ion concentra- 


Fig. 6—The (110) plane of sphalerite. Unit area, 41.6 
A*. Zinc ions in the surface are designated by numeral 
1 and zinc ions in the next lower layer by numeral 2. 


Fig. 7—The copper abstraction by sphalerite as a func- 
tion of the square root of the contact time (5 g sphal- 
erite, 4.7 x 10° moles Cu™*, and 74 ml water). 
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tion with the sign changed). Hence 
dy K 


which on integration gives the parabolic rate 
equation of the following form: 


y' = K,t + K,; [32] 

The uptake of Ag’ by sphalerite has recently been 
demonstrated to follow the exponential function 
of time.’ The authors briefly investigated the uptake 
of Ag’ and Cu” by galena (unpublished data) and 
the experiments indicated that the uptake of Ag’ 
by galena follows the logarithmic rate law and that 
the uptake of Cu’ by galena follows the parabolic 
law. Thus the number of ions involved in the ex- 
change affects the nature of the coating and, con- 
sequently, the rate. Actually the build-up of a 
copper sulfide film on sphalerite may be somewhat 
analogous to the build-up of oxide, sulfide, and 
halide films on certain metals, which follow several 
different rate laws, depending on the nature of the 
film.” 

Deactivation: A difference apparently exists be- 
tween the rate at which Cu” goes onto sphalerite 
and the rate at which it can be removed (see Figs. 
3 and 5). Actually, the copper added in the deac- 
tivation experiments was 2 micromoles, or 0.40 
micromole per gram, which is more than the cal- 
culated monolayer but less than the double layer 
(Fig. 6). In Fig. 3, it may be a coincidence that the 
quantity of copper on the mineral where the two 
curves representing 1l-hr and 4-hr deactivation 
diverge is equivalent to complete removal of the 
outer layer of Cu’. The rest of the Cu’, which 
occupies sites further inside the lattice, may be more 
difficult to remove unless the driving force is in- 
creased by addition of zinc salts to the solution. 


Prevention of Activation: Eq. 1 indicates how 
the activation of sphalerite might be prevented. 
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According to this reaction, equilibrium should be 
reached when the following conditions are met: 


ZnS + Cu = CuS + Zn” [1b] 


7s 
= 9 x 10" 


8x 10” 
For this to be true, the liquid must be in equilbrium 
with the two solid phases, ZnS and CuS. Since most 
of the copper in solutions containing NaCN is re- 
duced to the cuprous state, the following conditions 
must also be met: 


ZnS + 2Cu’' = Cu.sS + Zn" [lc] 
[Zn"} 7x10” 
12x10“ 


The ratios and 


uated for solutions containing CuSO, and NaCN 
(data used in Fig. 4). The pertinent data and results 
of these calculations are presented in Table III. In 
view of the wide discrepancies in the values of the 
various dissociation constants, the agreement be- 
tween the calculated ratios of [Zn**]/[Cu’*] and 
[Zn'']/[Cu']’ and the predicted values is quite good. 

To show that deactivation does not depend merely 
on reducing the free Cu** concentration in solution 
to a low value, the concentration of Cu‘ was cal- 
culated for solutions to which 2.8 x 10° mole am- 
monia has been added. Under these conditions the 
concentration of free Cu"’ was 2 x 10” and 4 x 10” 
mole per liter, respectively. Yet 31 and 23 pct of the 
total copper is on the sphalerite (Fig. 4). In the 
presence of sodium cyanide, copper can be pre- 
vented from going to the sphalerite surface when 
the free Cu*’ concentration is much larger, 10™ 
(Table III). But in this case, Zn"’ is not complexed 
and its concentration is about 5 x 10° mole per liter, 
whereas in the two ammonia solutions cited above, 
the free Zn" concentration is only 6x10“ and 
2x 10" mole per liter respectively. This means the 
reaction given by Eq. 1 will proceed to the right. 

To compare the effectiveness of different copper- 
complexing agents for preventing the activation of 
sphalerite, the results of experiments in which 
CuSO, and the complexing agent were agitated 
simultaneously with sphalerite are presented in 
Fig. 4. Observation of this figure shows that cyanide 
ions, ethylenediamine and propylenediamine, are 
essentially equally effective in preventing Cu** from 
going to the sphalerite surface, at least at low con- 
centrations, whereas sodium pyrophosphate is con- 
siderably less effective and ammonia even less so. 

These data can be reconciled by comparing the 
effectiveness of the complexing agents in controlling 
the ratio [Zn’']/[Cu*'] in solution. Conditions with 
sodium cyanide present will not be discussed here 
because of the Cu'* —Cu’ complication. 

By comparing the ratios of the dissociation con- 
stants of the zinc complexes and copper complexes, 
it is possible to observe the relative degree with 
which the requisite value of the ratio [Zn‘*]/[Cu™ ] 
can be reached. For the case of ammonia, the cop- 
per-ammonia complex involving four ammonia 
molecules will be used for comparison with the 
zinc-ammonia complex. The ratios of the various 
dissociation constants are presented in Table IV. 
Observation of this table and Fig. 4 shows that the 


= 6x 10° 


have been eval- 


436—MINING ENGINEERING, APRIL 1959 


reagents follow the predicted order of effectiveness, 
but sodium pyrophosphate or ammonia should be 
unable to prevent the activation of sphalerite with 
unless the concentration of is exceedingly 
high. These two reagents are able to inhibit the 
uptake of Cu", but this may result from an actual 
leaching phenomenon that is not yet at equilibrium. 
Fig. 4 also shows that only NaCN can completely 
prevent activation. Propylenediamine and ethylene- 
diamine prevent most of the Cu” from going to the 
sphalerite surface, but the small amount of copper 
on the sphalerite at high ethylenediamine concen- 
trations probably results from physical adsorption 
of the positively charged complex. In one experi- 
ment sphalerite was agitated for 30 min in a solu- 
tion containing 2 micromoles CuSO,, 10° molar 
ethylenediamine, and 10° molar zinc acetate at pH 
10.5 and all the copper remained in solution. In 
this case, the excess zinc probably removes the 
adsorbed copper complex through competitive 
physical adsorption. 

Summary: Experiments with radioactive Cu 64 
indicate that sphalerite activation is a chemical re- 
action in which copper ions replace zinc ions at the 
sphalerite surface. This exchange .is quite rapid 
until three layers of zinc ions have been replaced, 
after which the exchange is controlled by the para- 
bolic rate law. 

For deactivation, it was found that the copper 
complex should be much more stable than the zinc 
complex because deactivation does not depend 
merely on bringing the free Cu concentration to a 
low value but depends on the ratio of [Zn**]/[Cu**] 
in solution. In the case of NaCN deactivation, the 
ratio [Zn**]/[Cu*]’ is also important because most 
of the copper is in the cuprous state. Neither cyanide 
nor copper-cyanide complex is adsorbed and pre- 
vention of activation is not ascribable to adsorption 
of these ions. 


The authors wish to acknowledge the interest of 
P. L. de Bruyn and Carl Wagner in this investiga- 
tion, which was sponsored by the U. S. Atomic 
Energy Commission. 

This presentation is condensed from a doctoral 
dissertation by G. W. Mao. 
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For Mininc ENcrineertinc’s pictorial report on the 
AIME Annual Meeting in San Francisco, February 
15 to 19, turn the page. News of: Major Events 
SME Activities People 
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page 397 


IndMD 
page 399 


@ MDB Digest 
page 398 


@ Rock in the Box 
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* Newsletters this month E J Cc A Ww A R D Ss E L Ss 


are included in the spe- SME’s special Membership Section begins on page 393 
cial SME Membership Sec- of this issue and will be reprinted as the Society's bro- 
chure in 1959 for prospective members. Why print this 
section in MininG ENGINEERING? For an explanation, 
turn to page 392. 


tion beginning on page 393 


Mineral Information Section begins on page 367 


Proposed revision 
of AIME Bylaws 
and Rules are prin- 
ted on page 446 for 
your information 
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Mervin J. Kelly, Bell Telephone Laboratories 
and general chairman of the fund campaign for 
the United Engineering Center, reports on pro- 
gress to date. See “Drift,” page 389. 


Page 384—-SME's most up-to-date 
Available Preprint List 
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Glen Seaborg, chancellor of the University of California, spoke at the Welcoming Luncheon on Monday. At the head table, 
left to right, are: E. M. Barker, 8. D. Michaelson, C. R. Dodson, Roger V. Pierce, J. C. Kinnear, Jr., Grover J. Holt, Augustus B. 
Kinzel, and D. G. Burchell. Roger Revelle, Director, Scripps Institution of Oceanography, addressed the All-Institute Session. 


Climbing aboard the cable car, left above, are members of the Institute about to attend the informal dance, Cable Car Hop, at 
the Village on Tuesday evening. Dancing below are some of the crowd that enjoyed this event, which was highlighted by a floor 
show pictured above center. At the right is the Garden Court of the Sheraton-Palace where the Welcoming Luncheon was held. 
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On Tuesday evening the Annual Din- 
ner of the Society of Mining Engineers 
of AIME was held at the Sheraton- 
Palace. Among those seated at the head 
table were: E. O. Kirkendall; R. M. Gro- 
gan; R. S. Archibald; A. B. Kinzel; S. D. 
Michaelson; H. J. Kaiser, Jr.; F. R. Jones; 
A. B. Cummins; J. W. Woomer; L. H. 
Hart; J. G. Broughton; W. L. Dowdey; 
and J. C. Fox. To the right, M. Buford 
Penn is presenting G. R. Spindler, from 
the Central Appalachian Section, the 
President's Banner Award which the 
Section received for its achievements 
during the year in membership growth. 
No Annual Meeting is complete with- 
out the ladies events. The Peacock Room 
of the Mark Hopkins Hotel was the 
scene of the ladies fashion show and 
luncheon, below. Music and food, smart 
styles, and the colorful peacock in the 
background provided a pleasant after- 
noon for the WAAIME convention wives. 


ANNUAL 
MEETING 
1959 
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For SME members, Division luncheons 
and dinners are always highlights of an 
Annual Meeting. At left, three Society 
Presidents, J. W. Woomer, A. B. Cum- 
mins, and §. D. Michaelson, posed for 
this photograph with Henry J. Kaiser, 
Jr. He was principal speaker at the 
SME Banquet. Below top are head 
table guests at the Coal Division Lunch- 
eon: George E. Keller; H. O. Zimmer- 
man; R. G. Lazzell; K. M. Robinson wha 
was the guest speaker; J. W. Woomer; 
Howard C. Pyle; James C. Gray; C. T. 
Hayden; D. R. Mitchell; and Donald R. 
Tone. Below them are head table guests 
for the Industrial Minerals Division 
Luncheon: Lauren A. Wright; Ian 
Campbell; R. H. Feierabend; A. B. Cum- 
mins; speaker George F. Taylor of 
Lockheed Aircraft Corp.; Robert M. 
Grogan; J. L. Gillson; S$. D. Michaelson; 
John G. Broughton; Nathaniel Arbiter; 
L. M. Dupuy; and J. C. Fox, far right. 


Among the outgoing Division chairmen who presided at their Division affairs are, left, Robert M. Grogan, who was stepping out 
of office as chairman of IndMd; and in the center, Nathaniel Arbiter, who was preparing to turn over the leadership of MBD. 
At the right, M. D. Hassialis was snapped as he was addressing the MBD Luncheon. Mr. Hassialis is a professor and executive officer 
of the School of Mines, Columbia University. He spoke on Russian mineral beneficiation research. Prof. Arbiter is also at Columbia. 
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No Annual Meeting is complete without the traditional MBD Scotch Breakfast. Above, the pipe leader addresses breakfast guests 
as the head table members look on: E. H. Crabtree, Jr.; E. O. Kirkendall; Howard C. Pyle; Grover J. Holt; Nathaniel Arbiter; W. B. 
Stephenson; J. L. Gillson; and N. L. Weiss. Below are two award recipients snapped at the M& E Luncheon on Wednesday. 
At left, R. D. Satterly poses with Jackling Award recipient R. S. Archibald. At right J. G. Hall gives the Peele Award to F. R. Jones. 


Among the distinguished head table guests at the M & E Luncheon are J. L. Carne; R. J. Lacy; Nathaniel Arbiter; Robert M. Gro- 
gan; F. R. Jones; John G. Hall; and Lyman H. Hart. Mr. Hart is the incoming Division chairman. Pictured below are the rest of the 
head table: H. C. Weed; J. L. Gillson; R. 8. Archibald; R. D. Satterly; J. W. Woomer; A. B. Cummins; 8. D. Michaelson; J. C. Fox 
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H. C. Weed, 1958 M & E. Div. chairman. 


Ww. 
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L. Dowdey, MBD Div. chairman. 


. Jones, Peele Award recipient. 


The ladies committee for the Annual 
Meeting met with H. Newell Appleton 
and San Francisco leaders in the Mark 
Hopkins Hotel. Around the table clock- 
wise, from the lower left hand corner, 
are Mrs. A. H. Shoemaker; L. H. Nor- 
man, Jr.; Mrs. William W. Mein, Jr.; 
Mrs. Paul C. Henshaw; H. N. Appleton; 
Mrs. Ralph Utt; Mrs. Edward H. 
Wisser, E. M. Barker; Mrs. F. F. Kett; 
O. E. Duling; Mrs, Lila Kendall Gould; 
W. W. Mein, Jr.; Mrs. E. M. Barker; 
Mrs. Laurance Kett; Mrs. Gardner W. 
Mein; and Mrs. Charles Meyer. Below 
top, Allison Butts, Mineral Industry 
Education Award Winner, chats with 
Augustus B. Kinzel, 1958 AIME Presi- 
dent. Below, lower right, are Grover J. 
Holt, AIME Past President in 1958, and 
R. S. Archibald, Jackling Award Winner. 


te 
TE 
Q 
- 
TA 
Roger Revelle, All-Institute speaker. 
2 
St 
> 
4 J. G. Broughton, new IndMD chairman. 
G. Seaborg, Welcoming Luncheon speaker. —— 


ANNUAL 
MEETING 
1959 


Among the distinguished members of the Legion of Honor who were honored at the AIME Banquet are: Howland Bancroft, 
H. DeWitt Smith, and Robert G. Lassiter, standing. Seated are Nathaniel Hertz, Guy H. Ruggles, and Robert McCart, Jr. These 
gentlemen are members of the Legion of Honor, Class of 1909. At right, 1959 SME President J. W. Woomer meets the press 


Outgoing WAAIME Chairman, Mrs. J. R. C. Mann hands the gavel to Mrs. A. E. Beer, left, 1959 President. At right, two M & E 
members enjoy a story during the meeting. Seen at left is D. F. McElhattan of Mine Safety Appliances Co., and at right is Ly 
man Hart, new M & E chairman. Below, left, three distinguished AIME Award winners compare notes. Left to right: J. L. Mouthe, 
Benjamin F. Fairless Award winner; Clyde Williams, James Douglas Gold Medal; and John B. Knaebel, the William Lawrence 
Saunders Gold Medal. Three AIME Presidents pause for a final photo: Augustus B. Kinzel, Past; Howard C. Pyle, Present; and 
J. L. Gillson, President-Elect. Our vote of thanks goes to them, the power and planning behind such successful Annual Meetings 
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Space Screens 


reduce cost by cutting downtime 


This Image—the CFalI giant— 
reflects CF&l’s experience and ver- 
satility as a primary producer of 
quality steels and hundreds of steel 
products for industrial uses. 

The CFalI Image is your assur- 
ance that the steel in every CFal 
Space Screen is chosen for its 
ability to perform under the specific 
conditions found on the job. These 
durable screens hold screening-cost- 
per-ton to a minimum by ensuring 
fewer work stoppages while screens 
are repaired or replaced. 

Because CF&I makes and fabri- 
cates its own steel, careful quality- 
control procedures are possible all 
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along the line—from blast furnace 
to wire drawing and weaving. And 
a wide range of screening specifica- 
tions are provided to satisfy various 


job requirements. 

For engineering assistance and 
prompt, dependable service, call 
the CFal sales office nearest you. 


SPACE SCREENS 


THE COLORADO FUEL AND 


In the West: THE COLORADO FUEL AND IRON CORPORATION— Albuquerque * Amarillo « Billings « 
Lincoln * Los Angeles * Oakland * Oklahoma City + 


Denver * El Paso + Ft. Worth * Houston + 


Pueblo + Salt Lake City + 


San Francisco * San Leandro + 


In the East: WICKWIRE SPENCER STEEL DIVISION—Atlanta - 


{RON CORPORATION 


STEEL. 


Boise * Butte 
Phoenix + Portland 
Seattle * Spokane * Wichita 

Boston * Buffalo + Chicago * Detroit * New Orleans 


New York * Philadelphia 
CF&l OFFICE IN CANADA: Montreal 
CANADIAN REPRESENTATIVES AT: Calgary * Edmonton * Vancouver * Winnipeg 6623 


A“ 
‘Aa 
Medi 
| SQ! 
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AIME Bylaws Revised 


The following changes in the AIME 
Bylaws and Rules have been pro- 
posed: 


Bylaws 
ARTICLE V, Section 10: Salary 
Committee. 
a. Formation of Committee. The 
Salary Committee shall consist of 
five members, including the Treas- 
urer of AIME; the Secretary of 
AIME; two members at large, to be 
appointed by the President of AIME, 
who are experienced in personnel 
and wage administration; and the 
President of AIME as an ex-officio 
member. The members at large 
shall be appointed for the term of 
two years, and the President, Treas- 
urer, and Secretary of the Institute 
shall be maintained as members dur- 
ing their terms of office. 
b. Presiding Officer. The Chairman 
of this Committee shall be the 
Treasurer of AIME and in his 
absence the Secretary of AIME. 
c. Committee Meetings. Meetings of 
the Committee shall be called by the 
Chairman of the Committee at such 
times as the Chairman may deem 
necessary. 
d. Quorum. Any three members of 
this Committee shall constitute a 
quorum. 
e. Minutes of Meetings. The Com- 
mittee shall elect one of its members 


as Secretary for the keeping of min- 
utes to be presented to the AIME 
Board of Directors or Executive 
Committee at its next meeting. 


ARTICLE V, Section 11: Pension 
Trustees. 

a. Appointment of Trustees. The 
Pension Trustees shall consist of five 
members of AIME, including the 
Treasurer of AIME; the Secretary of 
AIME; two members at large, to be 
appointed by the President of AIME, 
who are experienced in employee 
pension programs; and the President 
of AIME as an ex-officio member. 
The members at large shall be ap- 
pointed for the term of two years. 
The Treasurer, Secretary, and Presi- 
dent of AIME shall be maintained 
as members during their term of 
office. 

b. Presiding Officer. The Chairman 
of the Trustees shall be one of the 
members, duly elected by the 
Trustees at the first meeting follow- 
ing the AIME annual meeting in 
February of each year, such meeting 
to be called by the then-Chairman 
of the Pension Trustees. 

c. Trustee Meetings. Meetings of the 
Pension Trustees shall be called by 
the Chairman at such times as he 
may deem necessary. 

d. Quorum. Any three of the Trustees 
shall constitute a quorum. 

e. Minutes of Meetings. The Trustees 
shall elect one of their members as 
Secretary for the taking of minutes 


to be presented to the AIME Board 
of Directors or Executive Committee 
at its next meeting. 


Rules 


ARTICLE IV-A: Duties of Officers 
and Assistants. 

Section 3: Duties of the Board of 
Directors. 

Rule 8. Fixing Institute Salaries. 

a. Salaries of $9000 or more per year: 
All requests for changes in salaries 
of employees being paid $9000 or 
more per year shall be submitted 
by the Boards of Directors of the 
constituent Societies to the AIME 
Salary Committee for review. The 
Committee shall submit all such re- 
quests with comments and recom- 
mendations to the AIME Board of 
Directors or Executive Committee 
for action at its first meeting follow- 
ing such request. No salaries may be 
set for a period longer than one year. 


ARTICLE V, Section 10: Salary 
Committee. 
Rule 1. Duties of the Committee. 
a. The Salary Committee shall, when 
requested by the AIME Board of 
Directors or any constituent Society 
Board of Directors, review salaries 
and wages of AIME employees re- 
ceiving $9000 or more per year. Re- 
commended changes in salaries shall 
be submitted to the AIME Board of 
Directors or Executive Committee at 
their next meeting for final action. 
(Continued on page 446) 


PNEUMATIC GROUTER 
and 
“PEA SHOOTER” 


The Mayo Pneumatic 
Grouter has performed 
capably on jobs rangin 
from tunnels, mines, ~ 
shafts to foundations and 
railroad subgrades. Sim- 
ple and efficient in oper- 
ation, it may also be used 
for injecting chemical 
soil stabilizers into cav- 
ing or running ground. 


For grouting back of lagging in rock tunnels 
or back of liner plates in soft ground, the 
Mayo Grouter is readily converted to a “Pea 
Shooter” for shooting Pea or “Bird’s Eye” 


gravel. 


The Mayo Pneumatic Grouter has no moving 
. gives years of 
Shop tested to twice 
working pressure. Capacity: 3% cu ft., charg- 


parts within the Grout. . 
trouble-free service. 


ing height: 3 ft. 


For complete details and specifications, write for 


Free Bulletin 13 


TUNNEL & MINE 
EQUIPMENT 
LANCASTER, PA. 


Steel Forms 
Headframes 
Muck Bins 
Shields-Airlocks 
Locomotives 
Mine Cars 
Grouters 


Still Available @ @ @ 


AIME Transactions Volumes 


MINING 


The following AIME Transactions of the 
Mining Branch and Society of Mining Engi- 
neers are still available: 

1949 Volume 184 

1954 Volume 199 

1955 Volume 202 

1956 Volume 205 

1957 Volume 208 


Price per volume: $4.90 for members; 
$7.00 nonmembers 


(An additional charge of 50¢ is made for each book mailed 
outside the United States to nonmembers.) 


Orders should be sent to: 


American Institute of Mining, 
Metallurgical, and Petroleum Engineers 
29 West 39th Street 
New York 18, New York 


Business Office 
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‘and Quarrying 


DRILLING COMPANY 


AIME OFFICERS: 


PRESIDENT—HOWARD C. PYLE 


PAST-PRESIDENT—AUGUSTUS B. KINZEL 


PRESIDENT-ELECT—OSEPH L. GILLSON 


VICE PRESIDENTS—E. C. BABSON, T. C. FRICK, 


W. R. HIBBARD, JR., E. A. JONES, 
J. C. KINNEAR, JR., R. V. PIERCE 


TREASURER—C. R. DODSON 
SECRETARY—S6RNEST KIRKENDALL 


AIME STAFF: 
SECRETARIES— 


H. N. APPLETON, J. C. FOX, R. W. 


ASS’T TREASURER JOHN LYNCH 


Bylaws 

(Continued from page 445) 
ARTICLE V, Section 11: Pension 
Trustees. 
Rule 1. The Trustees shall from time 
to time review the status of the 
Institute pension plan and recom- 
mend alterations on this plan to the 
Board of Directors of AIME. 
Rule 2. The Trustees shall from time 
to time review the status of all in- 
dividual employees under the AIME 
pension plan and recommend changes 
to the Board of Directors. 
Rule 3. Requests for extension or re- 
duction of service on any AIME 
employee beyond or before normal 
retirement date shall be considered 
by the Pension Trustees and their 
recommendations submitted to the 
AIME Board of Directors. 
Rule 4. Pension Trustees shall peri- 
odically consider or review the 
employee health and insurance pro- 
grams to insure maximum benefits 
being made available and maintained 
by AIME employees. 


UET Names Contractor 


Turner Construction Co. of New 
York has been named as the gen- 
eral contractor for the United Engi- 
neering Center. The new head- 
quarters of the nation’s leading 
engineering societies will be erected 
on the west side of United Nations 
Plaza between 47th and 48th Streets. 

Andrew Fletcher, president of 
United Engineering Trustees Inc., 
and president of St. Joseph Lead Co., 
made the announcement of the 
selection. The center, a $10 million 
tower structure of 18 stories, will 
house ten national engineering 
societies, representing nearly 250,- 
000 members in major fields of 
creative engineering. 

Space has been set aside in the 
building for educational exhibits 
which will dramatize the role of 
engineers in advancing world living 
standards. Engineering Societies 
Library, a comprehensive repository 
of vital technical information, will 
also be housed in the building, along 
with engineering research firms. 

The architects for the new build- 
ing are Shreve, Lamb and Harmon 


AIME 
NEWS 


SHEARMAN 


Assoc.; the structural engineers are 
Seelye, Stevenson, Value and Knecht; 
and the mechanical engineers are 
Jaros, Baum and Bolles. Willis F. 
Thompson, vice president of West- 
cott and Mapes, is chairman of the 
real estate committee of UET, 
which will have general supervision 
of design and construction. 

Since the report last month the 
subscription rate per week has 
dropped to $37,000 and an added 
spurt of initiative is needed to se- 
cure the greatest possible results 
by May 31. 


Selected Reading List 


A reading list for engineers who 
wish to widen their knowledge of 
other fields such as_ biography, 
philosophy, psychology, and fiction, 
has been compiled by the Engineers’ 
Council for Professional Develop- 
ment. This 1956 revised list has as 
its purpose an introduction to vast 
territories of human achievement 
that are not covered in basic engi- 
neering courses but which should 
form part of the knowledge of any 
professional engineer. The pamphlet 
is available from ECPD by sending 
15¢ to: Training Committee, Engi- 
neering Societies Bldg., 29 W. 39th 
St.. New York 18, N. Y. 


New Rebates Are Voted 


By action of the AIME Board of 
Directors at its meeting on Feb. 15, 
1959, effective in 1960 the Institute 
has increased the per member rebate 
to Local Sections from 50¢ to 75¢ 
and, in lieu of travel expenses for 
delegates, the minimum to Local 
Sections was increased from $100 to 
$250, with a maximum of $600 per 
Section. Each Section may decide 
whether to select a delegate whose 
company will pay his travel ex- 
penses to the Annual Meeting, as is 
true of most of the 2500 members 
attending such meetings, or pay the 
travel expenses out of Section 
Funds. It is anticipated that a Sec- 
tion may select the best delegate 
possible and, in most cases, have the 
funds previously allotted by the 
Institute for travel expenses avail- 
able for other Section activities. 


Exploration.and 
Development 
| 
Rock Breaking : 
Grouti 
ne 
Desi 
| 
Socramento, California. 3-5221 
Reno, Nevado 99-0732 
Spokane, Washington WAlinut 4.2614 
_ Alaska Contect Salt Lake City Office 
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e In January the Lima, Peru, Sec- 
tion featured a talk on The National 
Hydroelectric Potential of Peru with 
speaker George Grieve, dean of the 
mechanical and electrical faculty at 
the National University of Engi- 
neering. 

The February luncheon meeting 
consisted of a round-table geological 
discussion by leading national and 
company geologists working in Peru. 


e A regular dinner meeting was held 
at the University Club in Denver by 
the Colorado Section on Jan. 15, 
1959. A motion was made to send a 
donation in the name of Roy O’Brien 
to some charity in Salt Lake City, in 
honor of the AIME Field Secretary 
who recently passed away. Speaker 
for the evening was Marshall Dow- 
ney, Southwest Potash Corp., who 
gave an illustrated talk on the 
Carlsbad, N. M., operations. 


e The Black Hills Section heard 
Herbert Weisz, professor at the 
South Dakota School of Mines, dis- 
cuss the tin mining industry of Bo- 
livia. Photographs of mining dis- 
tricts and the Bolivian Indians pic- 
tured a way of life under difficult 
conditions. The Section will continue 
to offer an award of $50 for the best 
paper submitted by a South Dakota 
high school student on the mineral 
industry. 


e The Tri-State Section dinner meet- 
ing on Jan. 7, 1959, included reports, 
elections, and a film. Chairman 
Clinton Knox announced that the 
Section had gone over the top on its 
quota for the United Engineering 
Center Fund. Election of officers fol- 
lowed: Andrew V. Bailey, chairman; 
Claude O. Dale, vice chairman; 
Robert K. Stroup, secretary-treas- 
urer. Directors are: S. S. Clarke, A. 
V. Bailey, A. P. Thompson, C. C. 
Knox, C. O. Dale, R. K. Stroup, J. W. 
Chester, and R. L. Ash. The meeting 
was concluded with a color film cov- 
ering the mining developments in 
the Blind River uranium district of 
Ontario, Canada. 


e The Southeast Section held a din- 
ner meeting January 29 with the 
topic Cobalt and Its Alloys, pre- 
sented by R. F. Morral, Battelle 
Memoria! Inst. Mr. Morral gave an 
illustrated resume of the Brussels 
World Fair and European metallur- 
gical practices. New officers for 1959 
are: M. J. Langley, chairman; R. T. 
Wilson, secretary-treasurer; W. R. 
Kirkwood, first vice chairman; and 
H. F. Kendall, second vice chairman. 


the 


e The Oregon Section relaxed on 
February 27 with a buffet dinner, 
program on assaying, and basketbal] 
game on the Oregon State College 
campus. Bill Caldwell was the host 
and the game was between Oregon 
State and UCLA. 

New officers of the Section are 
Don H. Johnson, chairman, who 
is plant manager for Reynolds Metal 
Co.; S. L. Sampson, vice chairman 
and chief inspector at Electric Steel 
Foundry Inc.; and Francis X. Cappa 
who is the secretary-treasurer and 
a mechanical engineer for Aluminum 
Co. of America. 


e A regular dinner meeting for the 
Colorado Section was held at the 
University Club in Denver on 
February 19. Thomas C. Hiestand 
spoke on depletion. 


e The Colorado Plateau Section an- 
nual meeting and _  dinner-dance 
were celebrated on March 7 at the 
City Auditorium and the Redlands 
Club. Gil Ritter was in charge of 
program plans. 


e The Eastern North Carolina Sub- 
section, Southeast Section, held its 
first meeting of the year on Febru- 
ary 21 in Durham, N.C. Philip M. 
Brown, USGS, was the speaker and 
his subject was groundwater man- 
agement. 


e The Mexico Section on February 
9 welcomed Guillermo P. Salas from 
Rotary Engineering de Mexico who 
discussed hydrocarbons. The film 
Conquering Ripple Rock was pre- 
sented by Cia. Mexicana de Explo- 
Sivos. 


e A summary of activities of the 
Upper Mississippi Valley Section 
for 1958 reviewed five meetings. 


DIAGONAL DECK 


No. 6 
CONCENTRATOR 


On February 4 a dinner meeting 
was held at The Village Bar in 
Keiler, Wis. Victor VanMatre spoke 
on The Misuse of Trained Mining 
Engineers by Industry, and John M. 
Hague spoke about statistical meth- 
ods of spotting drill holes. 

On March 25 at Wisconsin Inst. of 
Technology, the members discussed 
sending speakers to high schools 
to attract students into the mining 
profession. 

The Wisconsin Inst. of Technolgy 
welcomed the members on May 28 
to hear Robert DoVore of DuPont. 

Lee Holt was the speaker on 
October 1 and discussed the water 
table of the Shullsburg mining area. 
On the 28th the annual business 
meeting was held and the following 
officers elected: R. L. Haffner, chair- 
man; D. Dixon, vice chairman; and 
R. J. Kuechneman, secretary-treas- 
urer. 


e The Columbia Section met in 
Kellogg, Idaho, on Feb. 9, 1959, for 
a discussion of Russian research 
in physical metallurgy. W. R. Hib- 
bard, Jr., gave the lecture with 
slides of his trip to Russia. 


e The Southwest Alaska Section 
held a regular meeting on Jan. 19, 
1959, at the University of Alaska 
Ear! Biestline, dean of Mines, gave 
the evening talk after the business 
session which was concerned with 
the banquet and forum to be held 
in April. 


e The Montana Section met on 
February 24 at the Montana Schoo! 
of Mines to discuss the critical prob 
lem of research to find more national 
resources. Kenneth McLeod, head 
of the chemistry department, was 
the speaker. 


High Recoveries of Minerals 
at High Grade and Low Cost 


The SuperDuty® DIAGONAL-DECK® table is un- 


excelled for getting highest grade concentrates with 
maximum recoveries at low cost. This efficiency is 
attributable to a complete balancing of all tabling 
factors—head motion, underconstruction, riffling 

even the deck that conforms to the natural flow of 
the pulp across the rifles. For complete details, send 


for Bulletin 118-C 


THE DEISTER CONCENTRATOR CO., INC. 


The Original Deister Co., Established 1906 
923 Glasgow Ave. 


Fort Wayne 3, Indiana 
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Personals 


Arnold Hoffman, president of Mesabi 
Iron Co. and Quebec Cobalt & Ex- 
ploration Ltd., announced that the 
Associated Book Service, Inc., of 
New York is publishing a reissue 
of Mr. Hoffman’s book Free Gold, 
the Story of Canadian Mining, which 
has been out of print for several 
years. 


Georges A. Golson, formerly general 
manager for Joy Sullivan Machinery 
Co. S. A., is doing sales supervisory 
work over all countries from Scan- 
dinavia to the Belgian Congo, with 
exception of British and French 
subsidiaries, for Joy International 
S. A., in the position of central 
regional manager. His headquarters 
is Monte Carlo. 


Robert R. Portmess, former staff 
industrial engineer, Western Mining 
Div. of Kennecott Copper Corp., has 
been appointed plant industrial engi- 
neer at the Utah Copper Div. smelter. 


S. H. Glassmire is leading a scientific 
expedition into the virgin jungle 
country of the Mosquito Coast area, 


Honduras. The firm of S. H. Glass- 
mire and Assocs., Santa Fe, is con- 
ducting the testing program under 
the sponsorship of American mining 
interests with the cooperation of 
the Honduran government in order 
to explore the fabulous gold region 
that supplied gold to the Spanish 
Main. 


Ben H. Slothower has been earning 
an MA degree at Stanford University 
since he left Golden Cycle Corp. in 
1956. Now he has joined Kennecott 
Copper Corp. in Salt Lake City as 
administrative assistant to the chief 
engineer. 


Robert F. Brown, who has been with 
A. Soriano Y Cia since 1938, is 
presently resident manager, barite 
project, Bislig Surigao, for Inter- 
national Engineering Corp., which 
is controlled by Soriano. 


Edwin A. Slover was appointed 
general manager of the Chino Mines 
Div. of Kennecott Copper Corp. at 
Hurley, N. M. He had been assistant 
general manager. 


P. H. MULCAHY S. D. SKINNER 


The Mine and Smelter Supply Co., 
Salt Lake City, announced the ap- 
pointment of Earl L. Wright as man- 
ager of the industrial supply de- 
partment, succeeding E. I. Lund- 
strom. 


P. H. Mulcahy has been named gen- 
eral manager of WEMCO, division 
of Western Machinery Co. of San 
Francisco. He had been vice presi- 
dent and general manager of Rietz 
Manufacturing Co. 


National Gypsum Co. announced 
elections of three vice presidents: 
Melvin F. Cerruti, dealer sales; 
Eugene W. Odenwaldt, manufac- 
turing; and S. David Skinner, engi- 
neering. Leenard L. Hank was 
elected to the board of directors. He 
was promoted to vice president in 
charge of operations in October. 


Francisco Moreno was discharged 
from the Army and is employed by 
The Aluminum Co. of America. 


PROPOSAL FOR AIME 
MEMBERSHIP 


I consider the following per- 
son to be qualified for member- 
ship and request that a mem- 
bership kit be mailed to him: 


Name of Prospective Member: 


Address 


Name of AIME Member: 


SME 


CHANGE OF ADDRESS AND PERSONALS FORM 


Name 
Old Address 


New Address 


CHANGING YOUR ADDRESS? Don't forget to notify us six (6) weeks before you 
move, if possible, to insure uninterrupted receipt of your publications and correspond- 
ence. Please fill in the form below and send it to: J. F. Lynch, Asst. Treasurer AIME, 
29 West 39th Street, New York 18, N. Y. 


items is six weeks before date of issue.) 
Former Company 

Former Title 

New Company 

New Title 


PERSONALS: Please list below your former company and title and your new title and 
company (‘or new work) for use in Mininc Encineerinc. (Copy deadline for personals 


Length of Time There 


Date of Change 


Any recent activity that would be of interest to members: 
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A similarity of names has caused 
confusion as to the connection of 
H. W. Straley, III. He has severed 
all commercial connections to de- 
vote maximum time to the Mineral 
Engineering Group, Engineering Ex- 
periment Station, Georgia Inst. of 
Technology, Atlanta, Ga. Associated 
with him are the following, about 
whom a similar misunderstanding 
exists: William B. Campbell, Jr.; 
Charles E. Fortson, Jr.; and Alfred 
T. Navarre. 


P. C. Emrath, recently returned to 
the States from Indonesia, having 
completed a two-year contract there, 
is presently engaged in work in 
Mexico. 


R. E. Calhoun has been promoted to 
the position of manager of mining 
operations for the American Zinc, 
Lead & Smelting Co. and all opera- 
ting subsidiary companies. He has 
served as western manager since 
November 1955. 


J. R. RAND 


J. N. LUDWIG, JR. 


John R. Rand, the first full-time 
state geologist of Maine and sec- 
retary of the Maine Mining Bureau, 
is resigning on June 30 to return to 
private practice. Mr. Rand’s con- 
sulting office will be in Augusta, 
Maine. He is also director of Copper 
Range Co., White Pine Copper Co., 
and Big Sandy Co. 


John N. Ludwig, Jr., has been ap- 
pointed supervisor of metallurgical 
services of The International Nickel 
Co. Inc., with headquarters in Pitts- 
burgh. He had been associated with 
Electro Metallurgical Co., a division 
of Union Carbide Corp. 


William G. Wilson is no longer a 
student at Virginia Polytechnic Inst. 
but is working for Alabama Power 
Co. 


Vernon Read resigned as explora- 
tion drilling engineer for Columbia- 
Geneva Steel Div., U. S. Steel Corp., 
to become president and general 
manager of Western Core Drilling. 


L. H. Lange, vice president of The 
Galigher Co., Salt Lake City, re- 
turned to the States in December 
after a trip through Finland, Yugo- 
slavia, Morocco and other countries. 
The Moroccan visit was in a con- 
sulting capacity for Zellidja Mines 
and the Cyprus visit involved con- 
sulting for the Cyprus Mines Corp. 


W. H. Goodrich, general manager of 
Kennecott Copper Corp.’s Chino 
Mines Div. since 1947, retired in 


A Basic 
PUMP 
for 
ANY 
SUMP 


with unmatched versatility 
in adapting to drainage and 
cleanup problems 


A proven line of pumps designed 
and built to serve the diversified 
needs of industry... and to stay 
on the job at minimum upkeep 
cost. The Galigher SUMP PUMP 
and vertical and horizontal VAC- 
SEAL PUMPS are available in 
wide range of sizes, materials and 
special linings, including acid-proof. 
Ideally adapted to drainage, clean- 
up and material handling. Serving 
mines, mills, refineries and chem- 
ical plants everywhere. 


Our sales engineering staff and our 
experienced distributors through- 
out the country are available to 
assist you in selecting the right 
pumping equipment. Ask for all 
the details. 


Galigher SUMP PUMP 


Capacities 
— —-- 


10-1500 


Capacities 
50-1600 
GPM 


Capacities 
20-3600 


GPM 120 feet 


Galigher 
SUMP PUMP 


Vertical 
VACSEAL 


GALIGHER 


- CONSULTATION + ORE TESTING + PLANT DESIGN 


GALIGHER PRODUCTS: AGITAIR® Flotation Machine, VACSEAL Pump, 
Geary-Jennings Sampler, Acid-proof Sump Pump, Geary Reagent Feeder, 
Laboratory AGITAIR® Flotation Machine, Laboratory Pressure Filter, Labor- 
atory Ball Mill, Rubber Lined and Covered Products, Plastic Fabrication. 
HOME OFFICE: 545-585 W 8th South, P.O. Box 209, Salt Loke City 10, Utoh 
EASTERN OFFICE: 92! Bergen Ave (Room 1128 ), Jersey City 6. New Jersey 


The GALIGHER Co. 
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January and moved to Piedmont, 
Calif. 


Michael L. Haider, formerly the 
president of International Petroleum 
Co. Ltd., has been elected to the 
Jersey board of Standard Oil Co. He 
has also been President of AIME. 


C. H. Dewey has been promoted to 


the position of mining consultant 
for Republic Steel Corp., Cleveland. 
He had been vice president of 
Liberia Mining Co. Ltd. 


W. Clark Mason, sales engineer for 
Dorr-Oliver Inc., has transferred 
from domestic sales to international 
sales with headquarters in Stamford, 
Conn. 


Richard J. Kehrwald, formerly shift 
boss, Calera Mining Co., has joined 
Western Nuclear Corp. as engineer. 


Jerry R. Ennis, who was a student 
at the Missouri School of Mines and 
Metallurgy, is employed as a junior 
geologist with Phelps Dodge Corp. 


: 


Photo—Courtesy Weirton Steel Co. 


Growing with the mighty steel industry, answering the need 
for Gibraltar tough dump cars that can stand the punish- 
ment which only a steel mill can hand out, Differential cars 
have made many fast friends among steel’s ‘“‘“men who know”. 


A substantial growth in sales — including many repeat orders 
— reflects a recognition of the qualitv and performance 


built into Differentials. 


DIFFERENTIAL 


STEEL CAR COMPANY 


FINDLAY, 


D. M. DUNBAR A. D. ROOD 
Douglas M. Dunbar has retired from 
Chile Exploration Co. after 39 years 
of service with this Anaconda sub- 
sidiary. He has been mine superin- 
tendent, assistant general manager, 
and in 1949 became assistant to the 
executive vice president and vice 
president of Chile Steamship Co. He 
will be succeeded by Alfred D. Rood 
who has been in the mining depart- 
ment of Anaconda. 


Eugene Kojan left the Aluminum 
Co. of America where he was a 
geologist to begin graduate work at 
Harvard University for a Ph.D. in 
economic geology, specializing in 
ore deposits. He had been conducting 
exploration for bauxite in Central 
America. 


Raoul W. Lindo has joined Howard, 
Needles, Tammen & Bergendof as 
surveyor in Kansas City, Mo., after 
leaving the Rolla School of Mines. 


Frank R. Vanecek resigned from 
The Eimco Corp. and is working as 
sales engineer with the Denver 
Equipment Co. He has moved from 
Salt Lake City to Denver. 


A. H. F. Graadt van Boggen, for- 
merly chief engineer for Northern 
Peru Mining Corp., has become 
engineer for Wells Overseas Ltd. in 
Lima. 


V. P. Sokoloff is a mineral com- 
modity analyst for the U. S. Bureau 
of Mines, Washington, D. C., in the 
Foreign Activities Div. He had been 
consultant in exploration for Israel 
Mining & Industries, Inc., and has 
recently had several papers and 
publications printed, including 
translations from Russian. 


Edward VonMoss has accepted a 
mine foreman position in Grants, 
N. M., with Kermac Nuclear Fuels 
Corp. He resigned his position with 
Fenix and Scisson Mine Contractors 
last September. 


Wallace G. Woolf, vice president in 
charge of Kellogg operations of the 
Bunker Hill Company, was given a 
citation for outstanding achievement 
by the Northwest Mining Assn. The 
presentation was made by E. C. 
Stephens, chairman of the AIME 
Columbia Section. 


H. A. R. Smits, formerly mill man- 
ager for Kamativi Tin Mines Ltd., 
is doing reconstruction and exten- 
sion of a milling plant for Symetain- 
Kalima in the Belgian Congo. 


? 
DFE AIR. RS | 
| 
| 
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Robert H. Hopkins has joined the 
faculty of Florida Southern College. 
He had been a professor at Missis- 
sippi State University. 


Frank F. Espie, Western Mining 
Corp. Ltd., has been promoted from 
deputy managing director to vice 
chairman, with headquarters at 
Melbourne, Australia. 


Leonard J. Keller has been promoted 
from plant engineer of Virginia- 
Carolina Chemical Corp. to general 
superintendent. 


Sam S. Stevens, Jr., who has been 
a graduate student at Syracuse 
University for two years, now is 
ground-water geologist for Laggette, 
Brashears & Graham. He moved 
from Troy to White Plains, N. Y. 


Ian Campbell, professor of geology 
and executive officer of the Div. of 
Geological Sciences at the California 
Inst. of Technology, has been ap- 
pointed state mineralogist and chief 
of the California State Div. of Mines. 


G. F. Hunt, formerly assistant gen- 
eral manager for Consolidated Dia- 
mond Mines of South West Africa 
Ltd., became general manager of 
Williamson Diamonds Ltd. last 
August. 


Alfred H. Wheeler, who was junior 
mining engineer at Lone Star Steel 
Co., now is quarry engineer at the 
New Braunfals, Texas, plant of the 
U. S. Gypsum Co. 


Jorge Quintana, formerly § mine 
superintendent at Cia Minera Ata- 
cocha S. A., now is an _ industrial 
engineer for Cerro de Pasco Co. at 
La Oroya, Peru. 


H. W. LOWNIE, JR. 


C. H. WILLIAMS 


H. W. Lownie, Jr., research metal- 
lurgist at Battelle Memorial Inst., 
has been voted a gold medal award 
by the American Foundrymen’s Soc. 
for his “outstanding contributions to 
the Society and to metallurgical 
progress.” Mr. Lownie, Jr., is chief 
of Battelle’s Process Metallurgy Re- 
search Div. in Columbus, Ohio. 


Sanford-Day Iron Works Inc. an- 
nounced the appointment of C. H. 
Williams as application field engi- 
neer, working in cooperation with 


GRINDING AND PULVERIZING 


-ROLL MILLS 


TRICONE MILLS 


No matter what your grinding 
problem—coarse or fine grind— 
hard or soft material—Hardinge 
has a mill for the job. Check the 
applications of the different Hard- 
inge Mills below: 


CONICAL MILLS 


The shape of the Hardinge Conical 
Mill causes a rapid circulating and 
classifying action within the drum, 
which increases the capacity for power 
expended over other types. The range 
of grinding is large, due to the segrega- 
tion of the sizes within the mill. Size 
range from 2 feet to 10 feet with ca- 
pacities from a few pounds per hour to 
100 tons per hour, Bulletin 17-C-2 
gives dry grinding applications; Bul- 
letin AH-389-2 wet grinding 


ROD MILLS 


Steel rods are employed as grinding 
media. Ideal for producing minimum 
oversize in open circuit grinding. Con 
ical heads reduce friction, prevent 
congestion of charge at the ends, and 
align the rods. Available with either 
end, or center, peripheral discharge, as 
well as trunnion overflow. Bulletin 
25-C-2. 


DISC-ROLL MILLS 


An adaptation of the German 
“Loesche Mill.” A roller-mill with ro- 
tating grinding table and pneumatic- 
ally-loaded rolls for complete flexibility 
of operation. The “Gyrotor” Classifier, 
combined with the Disc-Roll Mill, pro 
vides a_ highly-efficient 
device, ideal for relatively soft) min 
erals. Bulletin 52-2. 


TUBE MILLS 


For a fine product in open circuit 
without the use of classifiers. For mix 
ing and grinding to secure a smooth 
texture or plastic product Bulletin 1S 
A-2 


TRICONE MILLS 


Built on the same principle as the 
Conical Mill, the Tricone Mill offers 
greater grinding volume for a given 
amount of floor space than any other 
tumbling mill built. Extremely efficient 
Ideal for large tonnages. Sizes up to 12 
ft. diameter. Bulletin AH-414-2 


the Sanford-Day sales and engineer- 
ing departments. He had been as- 


sistant to the vice president of Simp- 


COMPANY, INCORPORATED 
son Coal & Chemical Corp. in New 


York, and assistant general manager | YORK, PENNSYLVANIA . 240 ARCH ST. ” Main Office and Works 
of Tennessee Land & Mining Co. | New York - Toronto - Chicago - Hibbing - Houston - Salt Lake City - San Francisco - Birmingham - Jacksonville Beach 
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personals 
continued 
Texas-Zinc Minerals Corp. an- 


nounced the election of Neill K. 
Banks and Harold E. Christensen as 
vice presidents, with headquarters 
in Grand Junction, Colo. Mr. Banks 
has been serving as general manager 
and Mr. Christensen was assistant 
division manager at Denver. 


for efficient, dependable low cost scalp- 
ing, sizing, dewatering or fine screening 


SYNTRON builds a vibrating screen for every screening job 
from heavy duty scalping to fine screening of coal and ores. 


SYNTRON Vibrating Screens are built in a variety of styles 
—one, two or three deck models with drive units designed for 
each particular screen. Available in sizes ranging from 2 feet 


H. E. CHRISTENSEN N. K. BANKS 


Lee R. Stoiser is no longer employed 
by Kaiser Aluminum & Chemical 
Corp. He is associated with Paul 
Weir Co. Inc. of Chicago as mining 
engineer. 


J. A. Swart has been doing work 


SYVNTRON 
VIBRATING SCREENS 


> 


PULSATING MAGNET 
SCREENS 


wide x 5 feet long to 6 feet wide x 14 feet long plus the 4 


feet wide x 20 feet long conveyor screen. 


SYNTRON Screens provide uniform yv 


dead spots. Constant full screen efficiency provides more ef- 


fective separation and higher capacity. 


SYNTRON Screens combine efficiency, dependability and low 
maintenance to give better separation, greater tonnage at 


lower cost. 


SYNTRON Screens are compact, easy to install, easy to 


maintain. 


Write for complete information on all SYNTRON Screens. 


GRIZZLY BAR SCREENS 


SYNTRON COMPANY 


554 Lexington Ave. 


SELENIUM OR SILICON 
RECTIFIER POWER UNITS 
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Homer City, Pa. 


CAR 
RAPPERS 


SELENIUM OR SILICON 
BATTERY CHARGERS 


| 


for Brown-Raymond-Walsh in Spain 
which is now finished. His present 
position is with M. W. Kellogg Co. 
doing ore beneficiation and sintering. 


Merlyn Woodle has been appointed 
manager of the Babbitt Div. of 
Reserve Mining Co. to succeed 
Floyd W. Erickson who has retired. 
Mr. Woodle was assistant manager 
of the division. 


J. W. Bosse, formerly geological 
trainee for The Anaconda Co., has 
become assistant geologist at their 
subsidiary Chile Exploration Co. in 
Via Antofagasta. 


Robert M. Fetch, mechanical engi- 
neer, has left Homestake Mining Co. 
to join the U. S. Army Corps of 
Engineers, St. Louis District. 


S. SPECHT 


R. J. RUSSELL 


Shaeffer Specht, formerly assistant 
sales manager of Research-Cottrell 
Inc., has joined the sales staff of 
Buell Engineering Co. Inc. in New 
York. 


Robert J. Russell has been appointed 
executive vice president of Hardinge 
Co. Inc. In 1953 he was elected vice 
president in charge of sales, and 
assumed additional duties of corpor- 
ation treasurer which he will still 
maintain. 


Alex Labounsky has been appointed 
president of American Mines Inc. 
in New York. 


Anthony D. Nicolaou, who was a 
graduate student at University of 
Minnesota last year, now is a geo- 
physicist for Shell Oil Co. of Can- 
ada in Calgary, Alberta. 


Elections at American Mining Con- 
gress include: Raymond E. Salvati, 
president, succeeding Howard I. 
Young; Andrew Fletcher, Herbert 
C. Jackson, Clyde E. Weed, and 
Julian D. Conover, all elected vice 
presidents; Merl C. Kelce, F. S. 
Mulock, Charles J. Potter, H. A. 
Sawyer, Albert E. Seep, Merrill E. 
Shoup, Harrie S. Taylor, Ellery 
Sedgwick, Jr., Clyde E. Weed, and 
Howard I. Young, directors. 


J. L. Burnett, formerly a graduate 
student at the University of Califor- 
nia, is employed as junior mining 
geologist for the California Div. of 
Mines. He received his masters de- 
gree in February. 


Jack H. Quay, who was engineer 
for Millite Mining & Development 
Corp., is a designer at Chino Mines 


wi 
\ | 
Other SYNTRON Equipment of proven dependable Quality 
“= | 
| 


Div., Kennecott Copper Corp., Hur- 
ley, N. M. 


Sim S. Clarke, formerly general 
superintendent of mines, Eagle- 
Picher Co., is now a mining con- 
sultant for Fenix & Scisson. 


Edwin S. Rousseau, who was at the 
University of Minnesota Graduate 
School, has been assigned to process 
research group as an engineering 
scientist for Allis-Chalmers Manu- 
facturing Co. in Milwaukee. 


Moshe Sheinkin, graduate assistant 
at Pennsylvania State University, 
has accepted an assistantship in 
mineral engineering at the School 
of Mines, Columbia University, 
having completed his work towards 
a masters degree. 


After spending a year at Alcoa’s 
Rosiclare fluorspar operation, John 
W. Lampert is returning to Para- 
nam, Suriname as an engineer for 
Suriname Aluminum Co., an Alcoa 
subsidiary. 


Howard R. Craig, Jr., has become a 
graduate student at Wesleyan Uni- 
versity, Conn., after being resident 
geologist for Northern Peru Mining 
Corp. 


James S. Dodge, consulting mining 
geologist, is in Southern Rhodesia 
doing geological exploration, fol- 
lowing completion of the first phase 
of the drilling program on his Por- 
uranium deposit near 


phyry Mt. 
Aspen, Colo. 


A. R. RATTEW 


H. W. BODLAENDER 


Arthur R. Rattew has joined the staff 
of the Airborne Geophysical Div. of 
Canadian Aero Service Ltd. He has 
been with Newmont Mining Corp. 
for several years as geophysicist. 
The firm’s headquarters are in 
Ottawa. 


H. W. Bodlaender has been named 
assistant vice president of Kennedy 
Van Saun Mfg. & Eng. Corp. and 
will head the Industrial Division. 
He has been with the company for 
over ten years, specializing in pro- 
jects for the aluminum, carbide, and 
processing industries. 


Gordon H. Crouch has been dis- 
charged from the Army and is mill 
engineer for New Jersey Zinc Co. 
in Gilman, Colo. 


Thomas L. Wells has resigned as 
deputy assistant director for foreign 
procurement, Div. of Raw Materials, 
U. S. Atomic Energy Commission, 


ous SYSTEMS 
FOR ALL INDUSTRIES 


Make dust “taboo” 
...1n your plant! 


Protect your equipment, your personnel 
and your community good will with 


Dust and Fume Collection 


Much has been done about air pollution during the last 40 years, 
but a new wave of awareness to its widespread dangers finds gov- 
ernment authorities, scientists and businessmen searching for 
more efficient, more complete methods of controlling dust, fumes, 
smoke, and odors. 


Norblo’s experience of nearly 50 years in the removal of injurious 
industrial air contaminants has been extensive in most industries. 
The three major types of collectors illustrated are recommended 
for the work each is best suited to perform. High recovery at low 
operating and maintenance costs is assured by Norblo’s careful 
application check and guarantee of performance. All components 
of Norblo collecting systems are made in our own shops, including 
the exhaust fans. 


Ask your consultant about Norblo — or write the factory for 
full information. 


The Northern Blower Company 
6424 Barberton Avenue . Cleveland 2, Ohio 
Telephone Olympic 1-1300 


Hydraulic Type 


Bag tin — Automatic and Semi-automatic 


Centrifugal Type 
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Rare Earth Properties 
CONTAINING Yttrium group or “heavy” rare 


earth elements: Xenotime, Gadolinite, Euxenite, 
Samarskite, or similar types of ores. 


Tell us what you have. Write: 


RARE EARTHS AND THORIUM DIVISION 
MICHIGAN CHEMICAL CORPORATION 
P.O. Box 481, Golden, Colorado * or Saint Louis, Michigan 


A standard preassembled control panel is pro- 
vided with all Amplitrol feeders, and is ready 
for immediate service when external air and 
a-c power connections are made. Control can 
be local or remote, | or aut tic. Re- 
sponds to any standard process instrumentation. 


Now! A Mechanical Vibrating Feeder 
With Variable, Stepless Control 


The exclusive Carrier Natural- 
Frequency drive, and a unique 
new amplitude control system — 
these two features of the new Car- 
rier Amplitrol feeder give you 
benefits found in no other vibrat- 
ing feeder, electromagnetic or 
mechanical. 


LESS DAMPING. . . Amplitrol feeders 
increase vibrating stroke auto- 
matically when headload is in- 
creased. This allows you to use 
larger bin openings . . . bigger 
headloads . . . and to discharge 
bigger capacities of almost any 
material. 


FULL-RANGE CONTROL. . . A new, 
highly simplified pneumatic sys- 
tem allows accurate, full-range 
stroke control. The heavy-duty 
air springs respond immediately 
to a pneumatic signal from a 
standard 0-80 psi air pressure 
valve. No lag. 


LESS MAINTENANCE . . . Amplitrol 
feeders have no chains or v-belts 
. no large revolving weights or 
bearings . . . no auxiliary electrical 
parts ... no gears or guards... 
NEW AMPLITROL FEEDERS 
ARE JUST THAT SIMPLE. 


Send for new 12-page bulletin describing all Amplitrol benefits in detail. 
Carrier Conveyor Corporation, 251 North Jackson Street, Louisville, Ky. 


CARRIER 


“NATURAL-FREQUENCY 
VIBRATING EQUIPMENT 


Engineering Specialists in Vibrating Equipment 


CONVEY @ FEED 
DEWATER @ SCREEN 
COOL @ AGGLOMERATE 
DRY @ SCALP @ COAT 
DISTRIBUTE @ ELEVATE 
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Washington, D. C., but will continue 
as a consultant to the Commission 
with his home in Middleburg, Va. 


Richard M. Foose is now chairman 
of the department of earth sciences, 
Stanford Research Inst., Menlo Park, 
Calif. 


Earl T. Hayes has become chief 
metallurgist, U. S. Bureau of Mines 
succeeding Oliver C. Ralston who 
retired last year. Previously, Dr. 
Hayes worked on both the titanium 
development program of the Bureau 
at Salt Lake City, and zirconium, 
hafnium, and pure metals develop- 
ment at Albany, Ore. 


Robert E. Baarson, in charge of the 
flotation research laboratory for the 
Chemical Div. of Armour and Co., 
has been given the added responsi- 
bility of evaluating newly developed 
chemicals within the research de- 
partment. 


David J. Enochs has been placed in 
charge of Armco Steel Corp. raw 
materials engineering. He had been 
a co-buyer in the purchasing de- 
partment. 


Norman E. Hanson, works manager 
for Basic Refractories Inc. plant at 
Gabbs, Nev., has retired after 31 
years with the firm. He had pio- 
neered the development at Gabbs 
valley and had been active in civic 
and state affairs. 


George F. Wheaton, Jr., has been 
appointed director of ore reserve 
estimates for the School of Mines 
and Metallurgy of the University of 
Minnesota. 


Noel W. Hendry, assistant sales and 
merchandising manager for the 
Asbestos Fibre Div., has been ap- 
pointed general sales manager of 
Canadian Johns-Manvilie Co. Ltd. 
D. Lloyd Monroe, formerly assist- 
ant production engineer, has been 
appointed technical consultant for 
the sales department. 


Richard S. Mateer has joined the 
faculty of the University of Ken- 
tucky as head of the department of 
mining and _ metallurgical engi- 
neering. 


Donald P. Bellum, Utah Construc- 
tion Co., who was an ore control 
engineer at Riverton, Wyo., has 
moved to Cedar City, Utah, as a 
mining engineer. 


S. F. Johnsen was appointed shovel 
foreman at the Ray mine, Kennecott 
Copper Corp. He had been mine 


ip 


superintendent at the Lone Star 
Steel Co., Eaton, Okla. IS THERE A VOID IN 
Alan R. Jager, who was junior ge- 


ologist for Bear Creek Mining Co., 
a Kennecott subsidiary, now is 

superintendent of leaching for the 

firm in Salt Lake City. 


Griffith T. Crichton, vice president 
of sales for the Johnstown Coal & 
Coke Co. Inc., has been transferred 
to the office at Battery Place, New 
York City. 


Stuart G. Watt, who has been opera- 
tions research analyst for Lukens 
Steel Co. is now dealing with 
various phases of mineral dressing 
research in his new position with 
International Minerals and Chemi- 
cal Corp. in Lakeland, Fla. 


William W. Mein, Jr., was elected 
to the board of directors of I. Mag- 
nin & Co. He is president and di- 
rector of Calaveras Cement Co. and 
Bishop Oil Co., among other posi- 
tions, and has been a Vice President 
and director of AIME. 


Stanley W. McDougall, former man- 
ager of Kellogg operations for the 
Bunker Hill Co., retired on Jan. 1, 
1959, but has been retained as mining 
consultant to the firm. He has been 
with Bunker Hill since 1924. 


Frank B. Marcon has been promoted 
to plant manager of the Catskill, 
N. Y., plant of the Alpha Portland 
Cement Co. He had been assistant 
superintendent. 


James P. Gill has been elected to 
the position of chairman of the board 
and president of Vanadium-Alloys 
Steel Co., Latrobe, Pa. He has served 
as president of the company since 
1953. 


New appointments at Internaticnal 
Minerals & Chemical Corp. include 


the following: H. Turner Loehr, Jr., WITH STURDY eee DEPENDABLE eee 


named director of engineering; 

opment: Waiter L. Hardy, manager SPRAGUE & HENWOOD EQUIPMENT 
of chemical research; M. B. Gillis, 


director of the research department; F ful firms throughout the 
and F. C. Kruger, mining and ex. Many progressive and success 9 


ploration director. United States and in foreign countries want and use 


no other core drilling equipment except Sprague & Henwood's. 
W. W. Little has succeeded C. E. 


Mills as manager of the Copper They have found it to be rugged . . . easy to use 
Queen Branch of the Phelps Dodge ... versatile. Are you having trouble? You might just have 
Corp. at Bisbee and Douglas, Ariz. the wrong equipment. Why not write to Sprague & Henwood 

Mr. Little had been general super- today and describe your present drilling conditions, or the 


intendent, and Mr. Mills had been 
manager since 1951 and now has 
retired. 


drilling conditions you expect to encounter. 
Sprague & Henwood will supply you with equipment and 
complete drilling information, enabling you to go far toward 


Chester M. F. Peters has completed filling the void in your drilling program. 
his contract for the Paul Weir Co., 
the Korea Joint Venture, and has : 
spent a few weeks in Japan before Look for our emblem Its your Seal of Sd wabety 
returning to New York. He was 


evaluating pyrite deposits as a 
SPRAGUE & HENWOOD, Inc. (Si 
SCRANTON 2, PA. 


MEMBER OF: DIAMOND CORE DRILL MANUFACTURERS ASSOC 


Edward H. Eakland, Jr. is now with 
the investment counseling firm of tid 
Scudder, Stevens & Clark in New New York © Philadelphia © Atlanta © Pittsburgh * Grand Junction, Colo. ¢ Buchans, Nfld. 
York. Export Division: Sprague & Henwood International Corporation, 11 W. 42nd St., New York, N.Y. 
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| Obituaries 


Alfred T. Anderson (Member 1944) 
died at his home in Ironton, Mich. 
on Nov. 9, 1958. He was affiliated 
with the Inland Steel Co. on the 
Cuyuna range for 30 years. He also 
worked as chief engineer of Inland 
Lime & Stone Co., Manistique, Mich. 
for a period when the Armour mine 
was closed down. He developed a 
new mine, Armour No. 2, on the 


AIR DUMP 
CARS 


Cuyuna range. Born in Crosby, 
Minn., in 1900, he attended the Min- 
nesota School of Mines where he 
received an E.M. degree. 


Harold L. Batten (Member 1914) 
died at Qualcium Beach, British 
Columbia, July 9, 1958. His varied 
jobs included working as a mining 
engineer in Ontario and Arizona 
mines, going into partnership in 
consulting work, and becoming a 
director and consultant for Canadian 
Exploration Ltd. He graduated from 
the University of Toronto in 1911. 


Alfred L. Blomfield (Legion of 


New Magor Air Dump Cars are designed to take the tough- 
est punishment—and keep rolling! 


Actual performance records prove that the cost of replace- 
ment parts furnished by Magor equals less than 1/10th 
of 1% of the purchase price per car, per year! 


For dependability and low operating costs, you can’t beat 
the rough and ready ruggedness of America’s leading air 


dump car—by Magor. 


Write today for the new Magor 
folder giving complete details. 


MAGOR 


CAR CORPORATION 


50 Church Street 
New York 7, N.Y. 
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Honor Member 1905) passed away 
on Oct. 19, 1958. He was born in 
Australia in 1878 and received a 
B.C.E. degree from Melbourne Uni- 
versity. He plunged directly into 
mining at the Great Cobar Copper 
mine, surveying and working in the 
mines. He came to Canada and the 
U. S., working at Cripple Creek, 
Colorado Springs, Colo. and for the 
Lake Shore Mines Ltd. at Kirkland 
Lake, Ontario, where he was metal- 
lurgist and managing director in 
1936. 


Clarence L. Corban (Member 1942) 
died in May 1958. He had been born 
in Terre Haute, Ind. in 1904 and 
attended both Rose Polytechnic Inst. 
and Carnegie Inst. of Technology, 
where he received B.S. and M.S. 
degrees. He was a research engineer 
at Carnegie Tech. before joining In- 
land Steel Co. as foreman and pro- 
gressing to superintendent in 1942. 


Clinton H. Crane (Member 1914) 
died on Dec. 1, 1958, at the age of 85. 
He was the retired chairman of the 
board of St. Joseph Lead Co., living 
in New York. He became president 
of the firm in 1913 when it was 
deeply in debt, and retired when 
the value of the company had risen 
to $100 million. Born in Englewood, 
N. J., he was educated at Harvard 
University and studied engineering 
and naval architecture in Scotland. 
During World War I he served on 
the War Industries Board. Mr. Crane 
became the first president of the 
Lead Industries Assn. from 1928 to 
1947. He has received many honors, 
including a Doctor of Science degree 
from the Colorado School of Mines. 


Ephraim B. Daggett (Member 1939) 
was born in Fort Worth, Texas, in 
1902 and died in Decatur, Texas, on 
Oct. 28, 1958. He received a B.S. 
from the College of Mines & Metal- 
lurgy of the University of Texas in 
1930 and began work for Nichols 
Copper Co. in El Paso. Two years 
later he joined The Chisos Mining 
Co. as sampler-assayer, and became 
chief mine engineer. In that position 
he went to Mammoth-St. Anthony 
Ltd., Tiger, Ariz., in 1938. Later he 
worked in Morenci in the R. F. C. 
Office of Defense Plants. 


John R. Drenan (Member 1945) died 
on July 14, 1958, at his home in 
Mexico, Ky. He was born in Central 
City, Colo., and attended Regis Col- 
lege and the University of Colorado 
Engineering School. His many posi- 
tions included shift boss and mine 
foreman at the Sunnyside mine in 
Eureka, Colo.; mine superintendent 
for San Juan Metals Corp.; and mine 
foreman for Aluminum Ore Co. 


Russell C. Fish (Member 1940) died 
at his home in Grand Rapids, Minn., 
on Nov. 12, 1958. Born in Cleveland 
in 1900, Mr. Fish received a B.S. 
from the School of Mining, Case 
School of Applied Sciences, and be- 
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STEP from ore blending to 

ge Yellow Cake shipment is important in 
uranium concentration. The ability 
and organization needed to implement 
these processes are provided by 
Stearns-Roger. One responsibility ... one 
order... for design, fabrication and 
construction ...new plant or modification, 
rely on the experience and the 
facilities of Stearns-Roger. 
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gan his long career with The M. A. 
Hanna Co. as soon as he graduated. 
He advanced to chief engineer, gen- 
eral superintendent, and general 
manager of the company’s entire 
mining operations in 1946. In 1951 
he was elected vice president of 
Hanna Coal & Ore Corp., and be- 
came vice president of the parent 
firm in 1957. 


Robert E. Hobart (Member 1916) 
passed away in June 1958. He was 
born in 1874 in Pennsylvania and 
began his career with the Lehigh 
Coal & Navigation Co. where he was 
machinist, draftsman, general fore- 
man, and master mechanic. 


John J. Inman (Member 1951) died 
on May 10, 1958. A native of Mis- 


souri, he attended school there and 
began work in mine offices of a num- 
ber of firms before joining the 
American Zinc, Lead and Smelting 
Co. in Joplin, Mo. In 1941 he be- 
came tri-state district manager of 
the firm. He has served the company 
since 1914, interrupted only by 
World War I. 


Curtis Lindley, Jr., (Member 1917) 
died in February 1958. He was born 
in Stockton, Calif., in 1883 and at- 
tended the University of California. 
He worked in the mines of Califor- 
nia, Idaho, and Nevada before be- 
coming a consulting engineer for 
C. N. Miller in San Francisco and 
for Central Land Co. in California. 


Richard C. Lundin (Member 1956) 


LAST LONGER 


Tyler Woven Wire Screens are woven 
with laboratory approved wires on pre- 


Tyler Type “AX" Hook 
Strip. For wire diameters 
from .047” to 5/16” in- 
elusive. 


cision machines. The high quality of Tyler 
Screens is apparent in their long life and 
service under the most difficult of screening 
conditions. 


Tyler Screen Sections are furnished for all 


makes of vibrating screens in all meshes 


and metals. Each section is fabricated with 
the right type of edge or hook strip for the 
specification of screen cloth and to fit the 


Tyler Type "CX" Hook 
Strip. For wire diameters 
+041” and smaller. 


particular make and model of screening 
machine on which it will be used. 


Telephone HE 1-5400 


Teletype Cv 586 


THE W. S. TYLER COMPANY 
CLEVELAND 14, OHIO. 


of Woven Wire Screens and Screening Machinery 
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was born in Medford, Mass., in 1932 
and died Nov. 13, 1958. He had grad- 
uated from Harvard University and 
Harvard Graduate School of Busi- 
ness in 1955 and was working as 
senior geologist for the tri-state 
mines unit of the Mining & Smelting 
Div. of Eagle-Picher Co. in Miami, 
Okla. 


Herbert D. Nelson (Member 1944) 
died on Sept. 30, 1958. Born in 
Worcester, Mass., in 1896, he held 
many positions as superintendent 
and assistant manager for American 
Glue Co., Rhodolite Co., American 
Abrasive Co. and Federal Abrasives 
Co. in the eastern states. As an 
abrasive engineer he was processing 
South African Corundum and arti- 
ficial abrasives. 


Philip E. Nolan (Member 1917) was 
born in 1887 in Wisconsin and died 
Nov. 28, 1958, in Florida. He grad- 
uated from the Colorado School of 
Mines in 1913 with an E.M. degree. 
By this time he already had expe- 
rience as rodman for Colorado Fuel 
and Iron Co., and as surveyman and 
assistant engineer during the sum- 
mers. In 1916 he was with Nevada- 
Douglas Consolidated Copper Co. in 
Ludwig, Nev., as chief mine engi- 
neer. 


Roger L. Strobel, age 75, passed 
away in Portland, Ore. Formerly 
he had been superintendent of 
American Smelting and Refining Co. 
in East Helena, Mont. He was with 
the smelter in the 1920’s. He also 
was employed by Linde Air Pro- 
ducts of Salt Lake City, until he 
retired a few years ago. 


Mason L. Bingham (Member 1940), 
chairman of the board of Oregon 
State Dept. of Geology and Mineral 
Industries, died Sept. 4, 1958. He was 
born in Walla Walla, Wash., attended 
Haverford School and Harvard Col- 
lege, graduating in 1920. He was 
in general charge of operations at 
Benton mine, Josephine Co., Ore., 
a mine owned and operated by 
Lewis Investment Co. Mr. Bingham 
was vice president and treasurer of 
the firm, before becoming president 
of Benton Mines Inc. 


George H. Corey (Member 1930) died 
on Nov. 11, 1958, in Montclair, N. J. 
He was patent lawyer and senior 
partner in the firm Corey, Hart & 
Temple, as well as vice president 
and director of the Nitralloy Corp. 
He handled the U. S. patent for 
Tetrapods, a French invention used 
in making offshore drilling islands. 
A graduate of New York University 
Law School, Mr. Corey was a mem- 
ber of the American Bar Assn. as 
well as many other professional 
societies. He was born in Pennsyl- 
vania and attended George Wash- 
ington University to receive a B.S. 
in chemistry before studying law. 
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Necrology 


Date Date of 
Elected Name Death 
1920 J. A. Bancroft Unknown 
1934 Frank X. Banz Nov. 28, 1958 
1942 A. C. Borgeson 13, 1958 
1924 Charles Camsell Dec. 19, 1958 

Honorary Member 
1956 Charles W. Daniels Jan. 30, 1959 
1928 Guy R. del Giudice Jan. 23, 1959 
1942 N. D. Drake Unknown 
1914 Harold B. Fell Jan. 12, 1959 
1952 Thomas A. Hayden Dec. 15, 1958 
1935 L. S. Hayes Jan. 31, 1959 
1920 Charles A. Hirschberg August 1958 
1917 F. M. Jardine Dec. 11, 1958 
1900 C. B. Lakenan Jan. 19, 1959 

Legion of Honor 
1954 John T. Mullen, Jr. Jan. 18, 1959 
1917 D. J. Parker Nov. 21, 1958 
1952 James H. Rasor Jan. 24, 1959 
1914 David B. Reger Sept. 10, 1958 
1921 D. J. Sabin April 1958 
1945 Earle F. Snarr Jan. 16, 1959 
1917 Harry E. Sparks Dec. 25, 1958 

Lee Sturges Unknown 


Membership 


Proposed for Membership 
Society of Mining Engineers of AIME 
Total AIME membership on Feb. 28, 1959, 
was 30,889; in addition 3,974 Student Mem- 
bers were enrolled. 


ADMISSIONS COMMITTEE 
A. E. Weissenborn, Chairman; Frank A. 
Ayer, Vice Chairman; R. T. Lassiter, Charles 
H. Lambur, Alfred D. Rood, William J. Rude, 
L. P. Warriner. 


The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary’s office if names of people are found 
who are known to be unqualified for AIME 
membership. 


Members 


Jesse H. Auvil, Jr., Warner Robins, Ga 
Edward H. Baxa, West Allis, Wis. 
Arthur G. Beebower, Tucson, Ariz. 

J. Douglas Bell, Grand Junction, Colo. 
Layton C. Binon, St. Paul, Minn. 
Edward O. Bonner, Butte, Mont. 
Richard S. Bowman, Hillsboro, Ohio 
Philip A. Dufford, Boise, Idaho 

Edward R. Eggleston, Cleveland 

Enie D. Figueirede, Belem Para, Brazil 
Morlan E. Fiternan, Chicago 

Arthur R. Fullagar, Ajo, Ariz. 

James R. Gundersen, Minneapolis 
Newton L. Hall, Salt Lake City 

Dwight W. Jamar, Hibbing, Minn. 

John W. James, San Andreas, Calif. 
Edwin C. Lampman, Silver Bay, Minn. 
Harry A. Larson, Nashwauk, Minn. 
Paul C. Lingo, Charleston, W. Va 

Ralph S. Locke, Diamond Springs, Calif. 
James H. Lundy, Jr., Inspiration, Ariz 
Malcolm O. Magnuson, Pittsburgh 

C. James Meli, Hibbing, Minn. 
Elias R. Mendoza, Baguio City, 
Henry F. Myers, Duluth 

Peter T. Nevius, Caracas, Venezuela 
James T. Orsborn, Duluth 

Clarence B. Peck, Jr., New York 

Roy W. Phendler, Mahr Tunnel, Peru 
Fred D. Rice, Jr., Inspiration, Ariz. 
Otto L. Robertson, Jr., Birmingham 
Lester F. Sanford, San Francisco 
William W. Shaw, Scarborough, Ont., 
Miller E. Spears, Indianapolis 

Matti S. Tavela, Manila, Philippines 
August F. Torreano, Duluth 

Harold H. Werft, Pitcairn, Pa. 
Richard G. Williamson, Portland, Ore 
Richard W. Wrighton, Watkins Glen, N. Y. 


Philippines 


Canada 


Associate Members 


Albert E. Dearth, Grand Junction, Colo. 
Charles A. Ledbetter, Anchorage, Alaska 
Albert E. MacKenzie, Jr., Yerington, Nev. 
William J. Moran, Alhambra, Calif. 
James E. Reider, Columbus, Ohio 

George C. Zeller, Duluth, Minn 


Junior Members 
Patrick Butler, Jr., St. Paul, Minn. 
Alex J. Flynn, Jr., Belem Para, Brazil 
Christopher F. Gleeson, Montreal 
Michel Hosdain, Eisden, Belgium 
Bruce W. Kennedy, El Paso, Texas 
Richard E. McCormick, Moab, Utah 
Irving F. Moore, Reno, Nev. 


James G. Tilton, Pittsburgh 
Edward B. Trueworthy, Jr., 


Butte, Mont. 
Robert G. Weber, Salmo, B. C., Canada 


Henry P. Whaley, Aurora, Minn. 


Junior to Member 


Russell H. Crouse, Jr., Monsanto, Idaho 
Walter C. Spence, Golden, Colo. 


Herbert J. Recktenwald, Farmington, N. M. 


Barton A. Thomsom, Bancroft, Ont., Canada 


CHANGE OF STATUS 
Associate to Member 


John W. Armstrong, Cambridge, Ohio 
Emmett B. Ball, Jr., Victorville, Calif. 


Robert W. Berkhahn, Ishpeming, Mich. 


Paul Bock, Tsumeb, S. West Africa 
Donald A. Brobst, Denver 

James W. Crosby III, Moscow, Idaho 
Albert J. Higgins, Malvern, Ark. 
Arthur E. Himebaugh, Warren, Ariz. 
Kenneth M. Judd, Palo Alto, Calif. 
Joseph Kolessar, Warren, Ariz. 


Richard W. Livingston, Calumet, Minn. 


REINSTATEMENT 
Member 


Fernando Benitez, Santiago, Chile 


REINSTATEMENT—CHANGE OF STATUS 
Associate to Member 
Enrique J. Ruiz-Williams, Vedada, Habana, 
Cu 
Junior to Member 
Ernest J. Sandy, Uniontown, Pa 


Student to Member 
Owen N. Layman, Birmingham 


Robert L. Redmond, Grand Junction, Colo. 


Paul P. Schapiro, Denver 
Don C. Seidel, Grand Junction, Colo. 


CONSIDER 
THE 
ADVANTAGES 
Balanced 
| = 
DESIGN 


Student to Junior 
William G. Lees, Lima, Peru 


Maximum mixing per horsepower input — minimum maintenance 


vorti" 
mixers for rapid mix 
VORTI-FLOC" 
units for slow mix 
VORTI-MIX" 
dispersers for gas absorption 


INFILCO Incorporated 
General offices « Tucson, Arizona 
Field offices throughout 
the United States and 

in other countries ost 


Speed alone will not insure complete mixing — 
unnecessary speed wastes power. Power require- 
ments vary directly as the quantity of liquid 
pumped and as the cube of the mixer speed. 


In the “VORTI” turbine-type mixer, the 
relationship of these factors is scientifically bal- 
anced. Optimum efficiency is obtained by select- 
ing the proper rotor size and speed for maximum 
multi-directional pumpage with minimum local- 
ized high velocities. This proper balance insures 
that a large portion of the power is not dissi- 
pated in creating localized high velocity streams 
without influencing complete tank turnover. 
Less maintenance is required because lower 
rotor speed decreases abrasion and erosion. 
Undesirable vibrations are avoided. 

The “VORTI-FLOC” unit accomplishes self- 
coagulation. The gentle flow and turbulence in 
the liquid creates repeated particle contact 
which results in particle growth. No underwater 
bearings are necessary in the “VORTI” and 
“VORTI-FLOC” units, except in unusually 
deep tanks. 

The “VORTI-MIX” gas disperser effects high 
rates of gas absorption in liquids. Oxygen 
absorption from air can be obtained with effi- 
ciencies of 25° and higher. 

It will pay you to investigate the advantages 
of these balanced design mixers. Write today for 
Bulletin 730-5430. 
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PROFESSIONAL SERVICES 


Listing Instructions 


Space limited to AIME members or to 
companies that have ot least one mem- 
ber on their staffs. One inch, $50 per 
year; half inch, $30 per year, payable 
in advance. 


VOUGHT & CLOETER, LTD. 
Diamond Core Drilling Contractors 
(Specialists in wireline) 

2000 S. Freeway Box 5751 
Tucson, Arizona MA 4-5452 


CLAYTON T. MecNEIL, E. M. 
Consulting Mining Engineer 
822 Bank of America Bidg. 
Tel. GArfield 1-2948 
SAN FRANCISCO 4, CALIFORNIA 


Alabama 


Arkansas 


& COMPANY, INC. 
Mining ineers and Contractors 
Shoft & Mine Development 
Mine Pignt Construction 
1-18th Street SW, 
Birminghom, Ale. Phone 56-5566 


RAPHAEL G. KAZMANN 
Consulting Ground-Water Engineer 
Stuttgart, Arkansas 


ASSAYS—Complete, accurate, guaran- 
teed. Highest quality spectrographic. 
Only $5 per sample. 

REED 


620- = lewood Ave. 
Calif. 


KIRK & COWIN, INC. 
RALPH E. G. COWIN 


Sirminghe ham 11, Ala. 
te 6-5 


“Ste 


California 


Colorado 


Alaska 


ALASKA MINERAL CONSULTANTS 


P.O. Box 3686 Phone 69867 
(airmail) 
Anchorage, Alaska 


FAIRCHILD AERIAL SURVEYS, INC. 


Airborne Magnetometer & Gradiometer 
Surveys, Topographic Mapping, Aerial 
Photography, and Photographic Mosaics 
for Mining Exploration. 


224 E. 11th St. 30 Rockefeller Plaza 
Los Angeles New York 


BALL ASSOCIATES 
Oil, Gas and Minerals Consultants 
Douglas Ball S. Power Warren 
Offices 
C. A. Johnson Bidg. Vermont 


Denver, Colo. C. 
Alpine 5-4878 STerling ‘3-1929 


WILLIAM A. O'NEILL 
Registered 
Consulting Mining Engineer-Geologist 
Exploration-Valuation-Management 
Anchorage, Alaska 
Phone 47671 P.O. Box 2000 


FRANCIS H. FREDERICK 
Consulting Mining Geologist 
690 Market Street 
San Francisco 4, California 
Telephone: Sutter 1-1562 


O. W. WALVOORD CO. 
Mill-Design and Construction 
401 High St. Denver 3, Cole. 


Arizona 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 
Shippers Representatives 


624 Sacremento Street 
SAN FRANCISCO 


Connecticut 


THEODORE A. DODGE 
Consulting Mining Geologist 
635 North Third Ave. Tucson, Arizona 


HEINRICHS GEOEXPLORATION CO. 
Water Consultants & Contractors 
BILE MAGNETOMETER SURVEY Ys 
Geoph sics Geology Geochem & Evaluations 
Box 5671, Tucson, Ariz. PH: MA 2-4202 


WARREN L. HOWES 
Consultant 
Mining & Metallurgical Plants 
construction, operations 
Project Management 
Estimates—Appraisals 


1305 Hillview Dr., Menlo Park, Calif. 
Tel. DAvenport 5-7752 


JOHN F. MYERS 
Consulting Beneficiation Engineer 
2 Putnam Hill 
Greenwich, Conn. 


JAMES A. HOAGLAND 
Consulting Mining Geologist 
635 North Third Ave. Tucson, Arizona 


CARLTON D. HULIN 
Mining Geology 
7 Ardilla Road Orinda, California 


GODFREY B. WALKER 
Metallurgical Consultant 


Mineral Dressing & Extractive 
Heavy Media a Specialty 


33 Ballwood Road, Old Greenwich, Conn. 


THORP D. SAWYER 
Consulting Engineer 
Registered in Mining and Civil 
8 East Grant Road 
Tel. EAst Tucson, Arizona 


CHARLES P. SEEL 
Mining Geology 
Examinations in Mexico 
635 North Third Ave. Tucson, Ariz. 


JACOBS ASSOCIATES 
Consulting Construction Engineers 
Specialists in tunnel and shaft work 
— Estimates — Methods Analyses — 
Engineering Geology — Designers of 
hoisting, haulage, materials ‘Randling 
and reduction plants. 


503 Market Street, San Francisco 5, Calif. 


District of Columbia 


STILL & STILL 
Consulting Mining Engineers and 
Geologists 
24 Union Block — Phone 658 
P.O. Box 1512 
Prescott, Arizona 


KELLOGG EXPLORATION COMPANY 


Air, Ground Surveys and Interpretation 
3301 No. Marengo, Altadena, Calif. 
Sycamore 4-1973 


JOHN D. MORGAN, JR., E. M., PH. D. 
Consultant 
Business and Defense Problems 
in Metals, Minerals, and Fuels 
1001 Connecticut Ave., K.W. 
Wesh 6, D.C. 
ME 8-1681 


KELLOGG KREBS 
Mineral Dressing Consultant 
564 Market St., San Francisco 4, Calif. 


CLOYD M. SMITH | 


Mining Engineer 
Mine Examinations 
Ventilation Surveys 
Munsey Building Washington 4, D.C. 
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APPRAISALS 
ASSAYERS 
CHEMIST ° 
METALLURGICAL 


Florida 


Geologists — Engineers 
goeris ists in Heavy M 
P.O. Box 2432 Lakeland, “Florida 


CONSTRUCTION ° 
CONSULTING 
DRILLING 


Indiana 


GEOLOGISTS 
GEOPHYSICISTS 
° MANAGEMENT 
REPORTS 


VALUATIONS 


ALLEN T. COLE and ASSOCIATES 
Consultants — Industrial Minerals 
Phosphate, Barite, Minerals, 
Sends 
2815 Cleveland Heights Bivd. 


Lakeland, Florida 
MUtual 9-9351 MUtual 3-9033 


DIAMOND coms DRILLING 
BY CONTRACT 
Core and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground. 
JOY MANUFACTURING CO. 
Contract Core Drill Division 
Michigan City, Indi 


Frank M. Murphy & Associates, Inc. 


Georgia 


DAVID LeCOUNT EVANS 
Mining Geo Petroleum Geology 
314 Brown B Wichita, Konsas 
Tel.: AMherst 2-8954 or MUrray 3-6437 


Kentucky 


JA . DANIE 

“AND ASSOCIATES 

Civil and Mining Engineering Consultants 
United States and Foreign 

860 Porter Place Lexington, Ky. 


Maine 


BLANDFORD C. BURGESS 
Registered Professional Engineer 
Mining Consultant 
Monticelle, Georgia 


G. F. COOPE 
Mining Engineer 
BLUE HILL, MAINE 


Massachusetts 


6526 Holiday Drive Phone 
Boise, Idaho 4-1925 
WARREN R. WAGNER 

Geol 


the Minkes, Chemical 


Ilinois 


RAYMOND B. LADOO 
Consulting Engineer—Industrial Minerals 


Deposit Location, Exploration, Process 
Design, Marketing, Economics, Percent- 
age letion. 

42 Huntington Road Newton 58, Mass. 
hone: (Boston) LAsell 7-1471 


ALLEN & GARCIA COMPANY 


47 Years’ Service to the 
Coal and Salt Industries as Consultants, 
Constructing Engineers and Managers 
Authoritative Reports and Appraisals 
382 S. MICHIGAN AVE., CHICAGO 
120 WALL ST., NEW YORK CITY 


H. L. TALBOT 
Consulting Metallurgical Engineer 


Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 


Room 911, 269 Washington Street 
Boston 8, Mass. 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 


Conveyor Systems Storage Methods 
Crushing Plants Ship Loading Docks 
Materials Handling and 
Processing Plants 


308 W. Washington St. Chicago 6, Ill. 


Minnesota 


PAUL WEIR COMPANY 
Mining Engineers and Geologists 
Consultants and Managers 


Design and Construction 
20 No. Wacker Drive Chicago 6, Ill. 


THERON G. GEROW 


MINING CONSULTANT AND 
ENGINEER 


3033 Excelsior Bivd. 
Minneapolis 16, Minn. 
Telephone: Walnut 2-8828 


Continued 
on 
Page 462 


DIRECTORY OF 
PROFESSIONAL 


SERVICES 


Alaska Mineral Consultants Alaska 
Allen & Garcia Company IMinois 
Anderson, E. C. New Mexico 
Ball Associates Colorado 
Borr, James A. Tennessee 
Bateman, J. D. Canada 
B. B. R. Drilling Co. Ohio 
Behre Dolbear & Company New York 
Booth Co., Inc. Uteh 
Burgess, Blandford C. Georgia 
Cannon Associates, Harry 8. Florida 

t | Dev t Co. Utah 
Cole and Associates, Allen T. Florida 
Coope, G. F. Maine 
Cowin & Company, Inc. Alabama 
Daniel, James M. Kentucky 
Dodge, Theodore A. Arizona 


Eavenson, Auchmuty & Greenwald 
Pennsylvania 


Evans, David LeCount Kansas 
Fairchild Aerial Surveys, inc. California 
Frederick, Francis H. California 
Geraghty, —y | & Hickok New York 
Gerow eron G. IHinois 
Graff Company Pennsylvania 
Hanks, Inc., Abbot A. California 
Hanson, Frederick W California 
Heinrichs Geoexploration Company Arizona 
Hoagland, James A. Arizona 
Howes, Warren L. California 
Hulin, Cariton D. California 
Ingersoll, Guy E. Texas 
Irving, |. G. Washington 
Jacobs Associates California 
Jones, Philip L. Missouri 
Joy Manufacturing Co. Indiana 
Kazmann, Raphoe! G. Arkansas 
Keegel, C. P. Nevada 
Kellogg Exploration Company California 
Kellogg Krebs California 
Kirk & Cowin Alaboma 
Ladoo, Raymond B. Massachusetts 
pee & Company New Jersey 
Lepoette, Broshcors & Graham New York 
nd, George R New Mexico 
— year Company, E. J. Minnesota 
Loofbourow, R. L Minnesota 
Lottridge-Thomas & Associates toh 


Mathews Engineering Co., Abe W. 


Minnesota 
Mayo, Robert S. Pennsylvania 
McClintock, R. S Washington 
McNeil, Clayton T. California 
Meissner Engineers, inc., John F. inois 
Miller, Inc., Arnold H. New York 
Morgan, Jr., John D. District of Columbia 
Morrow, J. B. Pennsylvania 


Mott Core Drilling Co. West Virginia 
Murphy & Associates, Inc, Frank M 


Florida 
Myers, John F Connecticut 
O'Donnell & Schmidt New York 
O'Neill, William A. Alaska 
Pearse, H. A. New York 


Pennsylvania Drilling Company 
Pennsylvania 


Peugnet, Amedee A. Missouri 
Pickering, H. M. Minnesota 
Pierce, Roger V. Utah 
Inc., Lucius New York 
Reed Engineerin California 
Sawyer, Thorp Arizona 
Schoenike, Howard G. Texas 
Seel, Charles P Arizona 
Sharpstone, David C. So Rhodesia 
Shedwick, Jr., William J Mexico 
Shenon and Full Utah 
Smerchanski, M. G Canada 
Smith, Cloyd M. District of Columbia 
Sprague & Henwood, Inc Pennsylvania 
Still & Stitt Arizona 
Talbot, H. L Massachusetts 
Thoenen, J. R Tennessee 
Thomas, Conrad Ward Texos 
Thompson & Little Virginia 
Torkelson Co., F. C. toh 
Vought & Cloeter Ltd. Arizona 
Wagner, Warren R Idaho 
Walker, Godfrey B Connecticut 
Walvoord Co., 0. W Colorado 
Weir Company, Paul IHinois 
Wolf, Harry J New York 
Woomer & Associates, J. W. Pennsylvania 
Wysor, D.C. New York 


See pages 462 and 463 
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Materia! Handing Mining 
Wesley M. Houston John C. Yost 
Raulerson, Jr. 
Box 271 Bartow, Fic. 
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PROFESSIONAL SERVICES CONTINUED 


For other items, 
see 


pages 460 and 461 


New Jersey 


LEDOUX & COMPANY 
Chemists Assayers Spectroscopists 
SHIPPERS REPRESENTATIVES 


Mine Examination Ana a ~3 
359 Alfred Ave. Teaneck, Jersey 


LUCIUS PITKIN, INC. 
Mineralogists 


Cable Address: 


New Mexico 


E. J. LONGYEAR CO. 
Geological and Mining Consultants 
Photogeol: 


76 South 8th Street lis, 
Grayber Bidg. York 17 Y. 
Colorado Bidg. 4 Cole. 

BI Wash. 5; D. Cc. 
77 York Street Toronto, Ont. 
129 Ave. de Chempe-Sigeee Paris, France 
Zeekant 35 The Hague, Holland 


EUGENE CARTER ANDERSON 


Mining Engineer—Geologist 
Examination—Development—Production 
Socorro, New Mexico 
P. O. Box 642 Tel. 159 


HARRY J. WOLF 
Mining and Consulting Engineer 
Examinations—Vol t 
3 Glenwood St., Little Neck 63, N. Y¥. 
Cable: MINEWOLF Tel. HUnter 2-7843 


GEORGE R. LELAND 
Registered by written examination 
Minin &G 
U.S.A. and Latin America 
P.O. Box 4146 


Albuquerque, N.M. 


DAVIDSON CHARLTON WYSOR 
Geologist and Sales Engineer 
Fifty Church St. 

New York 7, N. Y. Digby 9-3137 


L. LOOFBOUROW Min. Engr. 


Site Testing — Plans — Estimates 
Underground Construction — Mining 
Mine Water Problems 


4032 Queen Ave. So. Minneapolis 10, Minn. 


New York 


Ohio 


ABE W. MATHEWS ENGINEERING CO. 
Iron Ore Concentration Plants 
Materials Handling Systems 
Design and/or Construction 

Hibbing Minnesota 


BEHRE DOLBEAR & COMPANY, INC. 
Geological, Mining and Metallurgical 
Consultants 


11 Broadway New York 4, N. Y. 


B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 
Contractors 
Mineral Foundation 
Cores Guaranteed Testing 


H. M. PICKERING 
Registered Professional Engineer 


Mining Consultant 


Truck Haulage & Crushing Plants 
302 E. 22nd, Hibbing, Minn. AM 3-5153 


Missouri 


GERAGHTY, MILLER & HICKOK 
Consulting Ground-Water Geologists 


Evaluation of Ground-Water Supplies 
Recommendations for the Solution of 
Ground-Water Problems 


110 East 42nd St. New York 17, N. Y 


Pennsylvania 


EAVENSON, AUCHMUTY & 
GREENWALD 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 
2320 Koppers Bldg. Pittsburgh 19, Pa. 


PHILIP L. JONES 
Consultant 
Mineral Economics & Mineral Dressing 
Heavy Media Specialist 
405 Miners Bank Bldg. Joplin, Me. 
Tel. MAyfair 83-7161 


LEGGETTE, BRASHEARS & GRAHAM 
Consulting Ground-Water Geologists 


Water Supply Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue, New York 17, N. Y. 


GRAFF ENGINEERING 
COMPANY 
Mining Engineers and Surveyors 
39 E. Campbell St. Blairsville, Pa. 


AMEDEE A. PEUGNET 
CONSULTING MINING ae 
Telephone MAIN 1-143 
705 Chestnut St. 1, Mo. 


Consulting En; 
Mine, Mill and Industria. Investigations 
Improvement Design and Recommendations 
Cable: “ALMIL” Tel. Cortlandt 7-0635 
120 Broadway New York 5, N. ¥. 


Nevada 


O'DONNELL & SCHMIDT 
Mining 
165 Broadway Tel. BArclay 7-6960 
New York 6, N. Y. Cablest EXAMIMI INES 


ROBERT S. MAYO 
Civil Engineer —_ Lancaster, Pa. 
Specializing in Concrete Lining of 
Tunnels, Haulageways and Shafts. 


Special Equipment for Subaqueous 
Construction. 


Cc. P. KEEGEL 


Mining and Metallurgical Engineer 
Administration Appraisal 


1721 Se. 14th St., Las Vegas, Nevada 
Telephone DUdley 4-6981 


H. A. PEARSE 
Metallurgical Consultant 
Minerals Beneficiation and Extraction 
of Non-Ferrous Metals 
19 Pokahoe Dr., North Tarrytown, N. Y. 

Phone ME 1-0810 
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J. B. MORROW 
COAL CONSULTANT 
Oliver Bldg. _—~Pittsburgh, Pa. 


Assay ers—Chemists—Spectroscopists 
Representatives 
PITKIN -, 47 FULTON NEW YORK 
Niktip 


PENNSYLVANIA 
DRILLING COMPANY 


Subsurface Explorations. Grouting In- 

dustrial Water Supply. Mineral Pros- 

pecting Large Diameter Drilled Shafts. 
Reports 

1205 Chartiers Ave., Pittsburgh 20, Pa. 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA. 
Diamond Drill Contractors and 
Manufacturers 
Cire borings for testing mineral 
di posits in any part of the world. 


J. W. WoomMer & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 
Henry W. Oliver Bidg., Pittsburgh, Pa. 


Tennessee 


CENTENNIAL DEVELOPMENT CO. 
Consulting Mining Engineers 
and Contractors 


Shaft Sinking — Tunnel Driving 
Mine Development 


Eureka, Utah Phone 560 


Washington 


G. IRVING 
Consulting Mining Geologist 
Mine Examination and Valuation 
logical Investigations 
Counsel in Development and Exploration 
Financing of Prospects 
ASSOCIATED WITH INVESTMENT 
EXCHANGE 
706-735 Securities Build 
Seattle, Washington Phone 4-5416 


FREDERICK W. HANSON 
Mining Engineer 
Registered Professional Engineer 


Ope: 
32 So. 13th E., Balt ‘loke City 2, Utah 


Spokane, Wash. — 
DIAMOND CORE DRILL ConaacTors 
Diamond Bits — Drilling Accessor 
R. MeCLINTOCK DIAMOND DRILL CO, 


LOTTRIDGE-THOMAS 
& ASSOCIATES 


Professional Engineers 
705 Judge Building 
SALT LAKE CITY 11, UTAH 


West Virginia 


JAMES A. BARR 
Consulting Engineer 
Mt. Pleasant, Tennessee 


J. R. THOENEN 
Consulting Mining Engineer 
Sanford Day Road 
Concord, Tennessee 


Texas 


GUY E. INGERSOLL 
5 istered Pr 
exas, Arizona and New onl 
Mine | Examinations and —_ ical Re = 
5505 Timberwolf Drive Paso, 


EXAMINATION—EVALUATION—EXPLORATION 
METALLIC AND NONMETALLIC MINERALS 
DOMESTIC—FOREIGN 


HOWARD G. SCHOENIKE 
Consulting Mining Geologist 


4039 Turnberry Circle 


MOhoawk 5-7079 Houston 25, Texas 


CONRAD WARD THOMAS 
Registered Professional Engineer 
COMPLETE MINING CONSULTING U.S. & FOREIGN 
Bank of the Southwest Bidg., Houston, Texas 


Utah 


BOOTH COMPANY, INC. 
Metallurgical & Chemical Engineers 
Research and Consulting 
Complete Laboratory 
Piant Operation and Testing 
333 W. 14th So. St. 

Salt Lake City 15, Utah 


PRODUCTION AND MANAGEMENT 
SPECIALIST 


ROGER V. PIERCE 
Underground Mining Methods, Cost 
Cutting Surveys—Production = 
—Mine M —Mine 
ment. 

808 Newhouse Bldg. EMPIRE 38-5373 

Salt Lake City 4, Utah 


DIAMOND CORE DRILLING 
CONTRACTORS 


Testing Mineral Deposits 
Foundation Borings 


MOTT CORE DRILLING CO. 
Huntington, W. Va. 


SHENON AND FULL 


Consuiti Mini Geologists 
1351 uth 2200 East 
Salt Lake City 8, Utah 
Telephone HUnter 4-7251 
Philip J. Shenon Roy P. Full 


Canada 


Consulting Geologist 
80 Richmond St. W. 
Toronto 1, Canada EMpire 4-3182 


INDUSTRIAL PLANT DESIGN 


Process Devel t * Estimot 
Economic Studies * Plant Layout 


F.C. TORKELSON CO. 
ENGINEERS 


34 E. First South + Salt Lake City, Utah 


Virginia 


THOMPSON & LITTON 


Con: 
CciViL AND MINING. ENGINEERS 
P.O. Box 517 Wise, Virginia 
Surveys Examination Apraisals Design 


M. G. SMERCHANSKI 


Consulting Mining Geologist 
Registered Professional Engineer 
411 Childs Bidg. Winnipeg, Manitobe. 
Phone: Whitehall 2-6323 


Mexico 


WILLIAM J. SHEDWICK, JR. 


Mine and Geologic Reports 
Mexico and Latin America 
New Jersey License 2744-0 
P. De La Reforma 20- Mexico 1, 0.F. 


Southern Rhodesia 


Tel. Wise 6215 


DAVID C. SHARPSTONE 


MINING ENGINEER and GEOLOGIST 
Bulawayo So. Rhodesia 
Private Bag : T 199 Cables : Minexoms 
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For Effective Propeller Agitation in 


Tanks as Large as 50’ Diameter 
Design of DENVER turbine type propeller makes possible Leading Suppliers 
large diameter propeller agitators for agitating large volumes 
of 
of pulp in large tanks. One large diameter agitator handles 
volume of several small ones—saves space, operating expense, Agitators for: 
supervision, maintenance. AGITATION 
® Large diameter propeller operating at low speeds gives proper SCRUBBING 
agitation with heavy slurries even as coarse as 10 mesh. Slower MINE BACKFILL 
speeds mean savings in horsepower and further savings from AGITATION 
reduced wear. PRECIPITATION 
®@ Propeller is designed for long service. High mechanical effi- REPULPING 
ciency moves pulp with minimum of turbulence—blades wear SLURRY HOLDING 
evenly and uniformly with no cavitation. MIXING 
® Large diameter DENVER turbine type propeller eliminates CONDITIONING 
problems often encountered with airlift or rake agitators— LEACHING 
cuts need for operating attention, saves on maintenance. ADSORPTION 
Find out how large diameter DENVER Turbine Propeller NEUTRALIZING 
Agitators can save you money—build your profits. Send de- SOLVENT EXTRACTION 
tails of your requirements for careful, detailed recommendation WRITE FOR 
on the correct agitator for your operation. BULLETIN NO. A2-B6 


jim that tts healthier and wealthier” 


DENVER EQUIPMENT COMPANY 


Colorado 


Le 


Pes) 


96" diameter DENVER Propeller Agitator 
on Test Rock at DENVER Factory, to be 
used in 20’ diameter by 25° deep tonk. 


DENVER 

NEW YORK 
TORONTO 
VANCOUVER 
MEXICO, 0.F. 
LONDON 
JOHANNESBURG 
LIMA 
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increased production 
to mining operations 


M.S.A. HOISTPHONE 


Dependable voice communication 
between hoisting engineer and mov- 
ing cage, or at any level. Ideal for 
load leveling, shaft repairs, inspec- 
tions. Also available—the M.S.A. 
MinePhone for instantaneous com- 
munication of orders to moving loco- 
motives for improved haulage. 


M.S.A, CHEMOX™ 


Provides complete breath- 
ing protection in any atmos- 
phere for a minimum of 45 
minutes. Chemox generates 
its own oxygen from re- 
placeable chemical canister. 
Weighs only 13'% lbs. Com- 
fortable in service. U. S. 
Bureau of Mines Approved. 


M.S.A. “ALL-SERVICE”™ 
MASK 


Dependable breathing 
protection against smoke 
and toxic gases includ- 
ing carbon monoxide 
singly or in combina- 
tion, where there is no 
oxygen deficiency. Unit 
is U.S. Bureau of Mines 
Approved. 


OTHER M.S.A. PRODUCTS 
FOR THE MINING INDUSTRY 


Belts—-Goggles—Safety Clothing 
Carbon Monoxide Tester— 
Methane Detectors and Recorders 
Stretcher Outfits—First Aid Kits 
and Materials. Send for our Min- 
ing Catalog for complete details 
on all products. 


BREATHING 
APPARATUS 


atmospheres 


case. 


When you have a safety problem, M.S.A. is at your 


service. Our job is to help you. 


EDISON R-4 
ELECTRIC CAP LAMP - 
M.S.A. TYPE K HAT 


Today’s modern mining methods call for more and better 
illumination. You'll find a dependable and profitable answer 
in the Edison R-4 Lamp. Its brilliant, unfailing beam 
permits miners to operate modern equipment at its greatest 
capacity, safely. 

The famous Type K Skullgard is strong, light, durable, 
comfortable. Unaffected by oil, water, perspiration. Pro- 
vides maximum head protection. Write for details. 


M.S.A. SELF-RESCUER 


For immediate breathing pro- 
tection in emergencies. Vital to 
the miner while traveling 
through carbon monoxide to 
fresh air. 
assemblies for storage through- 
out the mine, or in individual 
carrying cases. U. S. Bureau 
of Mines Approved. 


M.S.A. McCAA 
TWO-HOUR OXYGEN 


Assures complete breathing 
protection in unbreathable 


for 


mum of two hours. U. S. 
Bureau of Mines Approved. 


M.S.A. PNEOLATOR 


Automatic artificial res- 
piration device that as- 
sures maximum chances 
of recovery to those 
overcome by poisonous 
gases, electrical shock 
or other causes of as- 
phyxia. Unit is protect- 
ed by rugged carrying 


Available in cache 


M.S.A. DUSTFOE #66 
RESPIRATOR 


Light weight, 
compact, com- 
fortable. A dust 
respirator that 
provides maxi- 
mum protection. 
U. S. Bureau of 
Mines Approved. 


a mini- 


M.S.A. MIDGET 
IMPINGER 


A portable instru- 
ment for quick 
and dependable 
dust sampling. 
Entirely self-con- 
tained and hand 
operated. Ideal 
for dust control 
and survey work. 


MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh 8, Pa. 
At Your Service: 77 Branch Offices in the 
United States and Mexico 


MINE SAFETY APPLIANCES CO. OF CANADA, LTD. 


Toronto, Calgary, Edmonton, Montreal, 
Sydney, Vancouver, Winnipeg 


| 
: SAFETY EQUIPMENT HEADQUARTERS 
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complete product line 
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: at brings greater safety, i 
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SAFETY EQUIPMENT HEADQUARTERS 


